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Thle  handbook  is  intended  as  a  guide  for  determining 
rsliabilitj  of  functioning  characteristics  of  weapon 
cooponents  bj  testing  to  failure. 

Coiq>onent  reliability  of  weapon  systems  is  basically 
a  function  of  engineering  design.  Margins  of  safety  used 
in  engineering  design  to  create  high  reliabilities  must 
be  measured  by  testing  to  failure  techniques  to  obtain 
unbiased  estimates  of  rvlicblllty. 

The  author  does  not  hold  that  the  concepts  and  prin¬ 
ciples  presented  herein  are  final.  Revisions  will 
inevitably  be  made  as  the  state  of  the  art  advances. 
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SUMMARY 


1.  The  following  are  set  forth: 

a.  The  concept  of  reliability  of  functioning  characteristics  of 
weapon  components  in  terms  of  stress  and  strength. 

b.  The  operating  engineering  definition  of  reliability. 

c.  The  complex  nature  of  reliability. 

d.  Ultimate  reliability  in  terms  of  safety  margins. 

e.  The  relationship  between  test  and  use  conditions. 

f.  The  limitations  of  reliability  determinations  imposed  by 
testing  facilities,  information  and  cost. 

2.  A  two-phase  testing  procedure  which  meets  the  need  for  demonstrating 
high  reliabilities  with  small  sample  sizes  is  described  in  a  rational, 
objective  manner.  The  first  phase  involves  use  of  fractional-factorial 
experimentax  ’"»aigns  to  survey  effects  of  important  environments.  The  second 
phase  is  a  test-to-failure  procedure  (using  the  environment  found  most  severe 
in  the  first  phase)  so  conducted  that  reliability-in-use  can  be  calculated 
from  test  results. 

3.  The  need  to  plan  experiments  in  advance  of  data  collection  and,  to  test 

to  failure  are  emphasized.  The  requirements  of  a  good  experiment  are  treated. 

A.  Several  useful  fractional-factorial  test  plans  are  completely  laid  out  in 
the  form  of  treatment  procedures.  Tests  of  increased  severity  most  useful  in 
testing  to  failure  are  described.  Examples  are  given  for  applying  these 
methods. 

5.  Useful  statistical  tables,  a  glossary  of  terras,  and  a  list  of  references  are 
included. 
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I  .nWRtiLiJdT-ldN 

This  nanual  has  been  prepared  for  those  engineers  and  scientists 
conducting  reliability  experiments  vho  vould  like  to  use  statistical 
techniques  to  Icg^rove  the  efficiency  of  their  ejiperiments.  Hbwerver,  it  is  ,  . 

advisable,  especially  in  the  planning  stages  of  testing  pirjgrams,  to  supple¬ 
ment  the  information  in  this  manual  by  occasional  consultations  with  a 
statistician.. 

Plcnning  experiments,  in  the  modem  statlsticeLL  sense  compels  the  ex¬ 
perimenter  Cjqlicitly  to  formulate  his  objectives  and  the  procedvtres  re¬ 
quired  to  attain  them.  This  often  leads  to  the  recognition  of  feLLlacles 
and  other  difficulties  in  advance  of  data  collecting. 

The  stati jtleal  aspects  of  reliability  are  not  new.  All  of  the  necesH 
sory  concepts  are  adequately  treated  In  modem  statistical  literature.  The 
lack  of  information  about  measurable  characteristics  of  the  missile  system 
and.  the  environment  it  experiences  in  use,  as  well  as  the  high  cost  of  test 
specimens, have  created  the  current  problems. 

The  techniques  described  in  this  manual  are  the  most  efficient  known. 

Tliey  are  designed  to  maximize  the  amount  of  information  obtainable  from  a 
given  sample  size.  Very  high  reliabilities  (0.9999  and  higher  if  they  exist) 
can  be  demonstrated  from  verj'  small,  sraq^le  sizes  (25  to  30  items.)  In  addition. 
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these  techniques  eore  definitive  enough  to  serve  as  standard  procedures 
throughout  the  same  or  different  organizations  over  extended  periods  of 
tjjae. 

Iftilfom  application  of  these  techniques  is  as  important  as  their 
efficiency.  A  large  part  of  the  value  of  experimentally  determined  re¬ 
liability  data  is  the  scope  of  applicability.  Reliability  data  collected 
by  means  of  standardized  procedures  are  cumulative  in  the  mathematical  sense. 

Hence 4  the  precision  with  \rtiich  reliability  values  are  knovn  can  be  inproved 
with  time  as  additional  data  are  collected.  This  makes  it  possible  to  ac- 
cvmiulate  a  reference  file  of  reliability  data  on  a  variety  of  standard 
cooponents. 

For  those  readers  not  thoroughly  familiar  with  statistical  terms  a 
glossary  of  these  terms  has  been  Included  in  Appendix  2. 

1.  RELIABIUTy  COHCEFT 

It  is  assumed  that  for  every  missile  conponent  there  exists  a  true  but 
unknovn  "strength"  created  by  the  particular  (pas’tj)  design  developed  and 
used  by  the  engineer  in  building  the  conponent.  It  is  further  assianed  that 
the  true  "strength"  is  a  constant  and  not  a  random  variable  for  axiy  particular 
design  over  short  periods  of  time. 

An  item  will  not  fail  imtil  the  applied  stress  exceeds  the  items  "strength  ." 
If  the  "strength"  is  much  greater  than  the  stress  expected  to  be  experienced 
in  use^  the  chance  (probability)  of  failure  in  use  in  very  small>  and  the  chance 
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of  success  (reliability)  is  very  high.  It  is  in  this  sense  that  "high 
reliability''  is  defined.  That  ls>  high  reliability  mesins  high  probability 
of  successful  functioning  imder  actual  use  conditions]  it  does  not  mean  hl^ 
reliability  tinder  the  test  conditions. 

2.  RjOJABIUTY  lEFIHITION 

accepted  statistical  definition  of  reliability  is  that  reliability 
is  '*the  probability  of  successful  functioning  in  use."  This  is  a  general 
definition  that  is  applicable  to  any  operating  systm.  However^  to  define 
reliability  from  un  curating  engineering  point  of  vlev>  the  general  def¬ 
inition  must  be  modified  to  Include: 

d..  The  environmental  conditions  under  vhlch  successful 
functioning  is  required. 

h.  The  characteristics  that  are  required  to  function 

successfully. 

c.  The  length  of  time  or  the  nianber  of  times  successful 
functioning  is  required. 

When  successful  functioning  is  required. 

This  means  that  every  cocqMDnoit  can  have  as  many  reliabilities  as  a 
number  equal  to  the  possible  combinations  of  environmental  conditions^ 
measurable  characteristics  and  functioning  times. 

Under  the  definition  that  an  Itm  cannot  fall  until  the  stress  exceeds 
its  strength;  the  reliability  with  respect  to  any  environment  can  be  deter¬ 
mined  only  if  the  test  sx>ecimens  are  stressed  by  that  environment  untl.l 
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failure  is  obtained.  This  means  that  successively  hl^ier  levels  of  severity 
must  be  used  until  failure  Is  obtained>  as  In  the  applications  of  succes^ 
slvely  greater  loads  until  failure  Is  obtained  In  a  tensile  test.  When  the 
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magnitude  of  the  stress  at  the  point  of  fedlure  cannot  be  directly  observed# 
then  an  e3q)loratozy  type  test  such  as  the  Brucetcm  \q[>-and-down  method  Is 
required.  This  procedure  generates  the  fadlure  rate  curve  from  which  the 
average  (ultimate)  strength  (the  point  at  \idilch  the  stress  equals  the  strength) 
can  be  obtadned  by  finding  the  stress  at  \dilch  50  percent  of  the  Items  fall. 

In  any  case  the  ultimate  strength  of  an  Item  Is  determined  In  such  a  manner 
that  the  reliability -In -use  can  be  predicted  traa  the  test  results. 

3.  UMITAmCMS 

A.  Laboratozy  Testing 

In  laboratory  testing#  it  is  difficult  to  reproduce  the  conditions 
\rtiich  components  will  eiqjerience  operationally.  In  use#  several  environ¬ 
ments  occur  simultaneously;  in  the  laboratory#  the  environments  usually  have 
to  be  applied  In  sequence.  As  a  result#  the  environment  experienced  In  use  Is 
more  severe  than  that  applied  at  conparable  levels  of  severity  In  the  labora¬ 
tory.  Furthezmore#  Interactions  among  environments  and  among  conponents  raise 
the  level  of  severity  experienced  In  use  by  an  additional  amount.  The  extent 
to  \dilch  the  level  of  sevezity  is  increased  in  these  cases  Is  usually  not  known. 

To  cope  with  unknowns  of  this  kind#  engineers  use  "margins  (or  factors) 
of  safety"  to  assure  successful  functioning  In  use.  As  a  rational  consequence# 
testing  proceduzes  used  to  test  conponents  must#  to  be  of  any  value#  determine 
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the  actual  margins  of  safety  the  engineers  have  succeeded  in  building  into 
the  nev  item.  To  acconplish  this,  with  the  limitations  imposed  by  cost 
considerations,  careful  planning  prior  to  data  collection  is  required. 

Useful  and  realistic  conqsonent  reliability  values  cannot  be  obtained  by 
accident  or  as  a  by-product  of  a  testing  program  designed  for  some  other 
piorpose,  such  ais  controlling  quality.  However,  reliability  values  can 
svqiplement  but  not  replace  quality  control  and  other  engineering  infomation. 

B.  Information 

A  complicated  system  of  any  kind  cannot  be  fully  characterized  or  de¬ 
scribed  by  0  si'^c'le  j  uirerical  value.  Just  as  the  "vaiole  man"  cannot  be  fully 
described  by  an  intelligence  quotient,  a  \/hole  missile  system  cannot  be  fully 
described  or  characterized  by  a  single  reliability  value.  Fally  to  character¬ 
ize  the  expected  performance  of  a  missile,  all  possible  reliabilities  should  be: 

a.  Determined  and  weighted  in  accordance  with; 

(1)  Their  engineering  importance, 

(2)  Probability  of  occiurrence  of  the  various 

environments, 

(3)  Duration  and  intensity  of  the  environment, 

(k)  Presence  of  interaction  among  environments 
and  among  coiiq>onents,  and 

b.  Mathematically  combined: 

(l)  In  accordance  with  the  way  the  environments 
occur  (i.e.,  simultaneously,  in  combination,  or  in  sequence)# 
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(2)  In  various  vays  to  predict  the  probability 
of  successful  functioning  of  the  major  and  minor  subasseoblles^ 

(3)  In  accordance  with  the  system  circuitry  to 
predict  the  reliabilities  of  the  over-all  system. 

C.  Cost 

The  cost  of  measuring  the  magnitude  and  interaction  effects  of  che 
multitude  of  variables  affecting  perfomance  of  complex  missile  systems  is 
prohibitive^  as  is  the  cost  of  determining  all  of  an  item's  possible  relia¬ 
bility  vailues^  or  even  a  large  number  of  these  values.  These  costs  will  per¬ 
haps  remain  prohibitive  as  long  as  there  is  a  reasonable  alternative. 

4.  SAFETY  MftRGIHB 

The  use  of  safety  margins  to  assure  successful  functioning  under  un¬ 
predictable  conditions  is  not  new.  Currently>  reliance  is  placed  on  the 
"safety  factor"  or  the  "margin  of  safety"  as  an  alternative  for  information. 

If  the  e3q[>ected  nominal  "stress"  (or  load)  in  use  is  100  unlt8>  designing 
an  item  with  the  "strength"  to  withstand  several  times  this  "stress"  gives 
intuitive  assurance  that  the  item  will  function  successfully  without  fedliue. 
(i.e.j  be  reliable).  Such  an  item  will  surely  withstand  100  units  of  "stress" 
(be  highly  reliable  under  this  condition)  and  has  a  good  chance  of  functioning 
successfully  even  when  the  applied  "stress”  varies  widely^  the  quality  of  the 
material  is  substandard^  or  the  workmanship  is  poor.  A  large  margin  of  safety^ 
then>  Is  a  means  of  assuring  successful  functioning  in  the  presence  of  un¬ 
controlled  and  Indetennlnate  variations  in  environment,  materlails,  and  work¬ 
manship.  This  concept  of  "stress"  snd  "strength"  can  be  used  as  a  corollary 
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to  the  definition  of  reliability  given  above:  An  iteia  cannot  fail  until  the 
stress  exceeds  its  strength.  The  point  at  which  the  stress  equals  the  strength 
neasures  the  average  (ultimate)  strength.  At  this  point  the  reliability  equals 
50  percent.  To  raise  the  reliability  above  this  level,  the  strength  must  ex¬ 
ceed  the  expected  in-use  stress.  High  strength  relative  to  the  stress  means 
iiigh  reliability,  since  the  higher  the  strength,  the  less  likely  a  failure  is 
to  occur. 

Construction  engineers  design  an  item  to  withstand  several  times  the 
load  expected  in  use  (for  the  above  reasons),  then  evaluate  the  design  by 
measm-lng  the  safety  factor  of  a  few  representative  specimens.  This  can 
only  be  done  by  applying  a  load  until  the  specimens  break,  or  fail  in  some  other 
manner.  The  breaking  load  is  a  measure  of  the  ultimate  strength.  The  "safety 
factor"  is  the  ultimate  strength  divided  by  the  load  expected  in  use.  I'he 
"margin  of  safety"  is  the  difference  between  those  two  loads  divided  by  the 
expected  load  in  use.  Calculating  either  of  these  values  is  as  far  as  con¬ 
struction  engineers  usually  go;  they  do  not  calculate  a  numerical  value  for 
the  probability  of  success  in  use  (reliability)  created  by  the  safety  factor. 

If  the  safety  factor  is  large,  they  feel  confident  in  concluding  (predicting) 
the  item  will  not  fail  in  use. 

Missile  engineers  also  use  safety  margins.  They  design  margins  of  safety 
into  missile  conponents  in  many  subtle  ways  and  for  the  same  reeisons:  to 
assure  successful  performance  in  use  under  u.icontrolled  and  unpredictable 
conditions.  Here,  too,  the  "margin  of  safety"  designed  into  an  item  can  only 
be  determined  by  testing  to  fedlure.  The  "stress"  required  to  cause  failure 
can  also  be  termed  ultimate  "strength." 
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UliTIMAIE  RELIABILITy 


The  reliability  obtained  by  testing  to  failure  is  the  ultimate 
(maximum)  reliability,  idiether  a  margin  of  safety  Is  used  or  not.  This 
is  the  only  unbiased  meaeure  of  the  true  reliability  created  by  the  design 
of  the  item. 

Testing  vithout  failure  dtioonstrates  reliability  only  in  proportion 
to  the  number  of  test  specimens  used.  This  is  a  biased  estimate  of  the 
ultimate  reliability.  ^QtLs  means  that  the  ultimate  reliability  cannot 
be  deteznlned  by  testing  a  finite  number  of  specimens  vltbout  failuze. 

6.  PIAHHED  KXFEKQCMTS 

When  only  one  of  the  possible  total  nuBober  of  reliabilities  can  be 
determined,  the  logical  choice  is  to  determine  the  mini  mi  reliability. 

If  the  latter  is  satisfactory,  all  other  possible  reliabilities  with  respect 
to  separate  eaviroraents  will  also  be  satisfactory.  Vithout  a  knowledge  of 
the  values  of  all  reliabilities,  meaningful  and  realistic  system  reliabilities 
can  only  be  predicted  fkom  component  reliabilities  on  the  basis  of  the  minimum 
reliabilities . 

* 

Ezperlssnts  must  be  designed.  nils  reipilres  planning  in  advance  of 
data  coUeetloo.  Sest  plans  must  be  specifically  designed  to  assure,  in 
advance  of  data  collection,  that  specified  objectives  will  be  attained,  for 
reliability  can  neither  be  tested,  nor  analyzed  into  an  item. 

*  8ee<*iteiter«nce 
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Envlronnental  conditions  which  cause  the  poorest  (mlnimmii}  rellahil- 
itles  can  be  found  most  efficiently  (with  smallest  sanple  sizes)  by  means 
of  fractional-factorial  designs  or  their  optimized  modifications.  The 
object  here  Is  to  anxvey  environments  considered  most  lo^rtant  to  the 
functioning  of  the  item  and  to  find  the  environment  having  the  most  severe 
effect  (l.e.j  causing  the  lowest  reliability).  This  environment  is  then 
used  to  determine  the  Tn^n^l1nnn  ultimate  reliability  by  testing  to  failure^ 
using  tests  of  Increased  severity. 

7.  TEgriHG  WITHDOI  FAILURE 

The  margin  of  stifety  designed  into  a  missile  ccmqponent  can  be  deter¬ 
mined  only  by  testing  to  fallvure.  To  do  othervri.se>  practically  nullifies 
the  value  of  test  results  and  makes  the  engineer's  effox^  to  use  safety 
margins  ineffective.  If  the  test  procedure  dies  not  measure  safety  margins > 
the  engineer  has  no  evidence  that  they  exist >  and  may  conclude  that  other 
means  of  Increasing  reliability  (e.g.>  redundancy)  must  be  used.  This  line 
of  action  is  not  only  costly,  but  m^  create  other  problems,  such  as: 
misplaced  center  of  gravity,  overweight,  and  lack  of  space. 

Testing  without  fallxire,  which  entails  large  sanple  sizes,  is  costly. 

By  this  method,  it  takes  460  items  to  dononstrate  a  reliability  of  at  least 
99*5  percent  with  90  percent  confidence.  The  same  reliability  can  be  demon- 
sti’ated  (if  it  exists  in  the  item)  with  25-30  items  by  testing  to  ferilure, 
using  tests  of  Increased  severity.  In  addition  the  resvilts  of  testing 
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without  failure  cause  difficulty  in  calculating  system  reliability  from 
coB5)onent  reliability  because  zeros  cannot  be  mathematically  maiiipulated. 

Because  testing  without  failure  cannot  measure  ultimate  reliability 
with  small  san5)le  sizes,  trends  cannot  be  detected  early  enough  for  tak¬ 
ing  timely  corrective  action.  For  example,  if  the  ultimate  reliability 
of  an  item  actually  exceeds  that  specified  in  the  military  characteristics 
(0.995  or  higher),  and  only  25  items  are  tested  at  the  use  condition 
without  failure  during  each  testing  period,  no  trend  will  be  detected 
until  xiltimate  reliability  of  the  lot,  or  stockpile,  drops  below  O.9I 
(at  the  90  percent  confidence  level), 

8.  REIATIOM  BETWEEN  TEST  AND  USE  COMDITIONS 

To  translate  the  reliability  demonstrated  under  test  conditions  to 
a  "reliability-in-use"  value,  the  relation  between  the  "use"  and  "test" 
conditions  must  be  established.  Experience  has  shown  that  this  relationship 
can  be  adequately  represented  by  frequency  distributions.  This  places  the 
relationship  on  a  probabilistic  basis,  and  also  makes  possible  the  use 
of  the  laws  of  probability.  If  then,  the  test  results  are  properly  collected 
(see  Lab  Test  Methods),  the  reliabllity-in-use  can  be  calculated  by  extrap¬ 
olation.  . 

9.  TEST  PLANS 

Plans  should  be  made  to  conduct  experiments  in  two  stages: 

A.  Factorial  experiments: 

For  each  type  of  component,  the  separate  effects  of  the 
critical  environments  can  be  determined  most  efficiently  in  one • integrated 
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factorial  e3q)eriment .  From  these  results,  the  environments  having  the 
most  severe  effects  shoxxld  be  selected.  When  only  attribute  data  can  be 
obtained  the  optimum  condition  for  conducting  this  experiment  is  at  a  level 
of  severity  at  which  approximately  50  percent  of  the  test  specimens  can  be 
expected  to  fail.  This  type  of  experiment  is  highly  efficient.  The  effect 
of  as  many  as  7  environments  can  be  determined  with  8  test  specimens,  or 
the  effects  of  15  environments  with  l6  test  specimens. 

B.  Testing  to  Failure 

Within  the  limitations  ir5)osed  upon  the  experiment,  determine  the 
reliability  with  respect  to  as  many  as  possible  of  the  environments  having 
the  most  severe  effects.  This  can  be  accomplished  most  efficiently  using  a 
test  of  increased  severity  such  as  the  Bruceton  up-and-down  method.  It  is 
only  with  this  type  of  test  that  the  ultimate  "strength"  can  be  determined 
when  the  occurrence  of  a  failure  cannot  be  detected  by  inspection  or  when  the 
magnitude  of  the  stress  at  the  point  of  fetLlure  cannot  be  directly  observed. 
From  tills  information  the  predicted  ultimate  "reliability-in-use"  can  be  ceil- 
culated.  Ultimate  "reliabillty-in-use"  of  any  magnitude  that  exists  in  an 
item  can  be  demonstrated  with  as  few  as  25  to  30  test  specimens  by  testing  to 
failure  with  tests  of  increased  severity. 
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MODFfiN  STATISTICAL  CONCEPTS 


IV 


1.  INTRODUCTION 


Because  of  the  nature  of  reliability  and  because  of  the  methods  required 
to  determine  reliability,  modern  statistical  concepts,  such  as  probability, 
experimental  error,  population  -  sample  relation,  frequency  distributions,  confi¬ 
dence  intervals,  sample  size,  and  design  of  experiment  techniques  must  be 
understood,  if  reliability  experiments  are  to  be  conducted  and  reliability  values 
calculated  and  interpreted.  It  is  only  with  these  concepts  that  the  vexing 
problem  of  demonstrating  high  reliabilities  with  Email  sample  sizes  can  be 
solved. 

Modern  statistical  methods  of  experimentation  contain  a  new  ingredient 
not  explicit  in  mathematics:  Error .  The  new  philosophy  assumes  that  there 
is  an  error  in  every  measurement  made  and  as  a  consequence,  the  true  values  of 
measurable  characteristics  can  never  be  known  exactly.  To  cope  with  this 
deficiency  of  measuring  processes,  repeated  measurements  are  made.  Then  from 
this  data  an  interval  is  calculated  which  we  believe  includes  the  true  value 
represented  by  the  data.  Intervals  of  this  kind  ^  e  called  confidence  intervals. 

Included  in  the  method  of  calculating  these  intervals  is  a  means  of  con¬ 
trolling  the  proportion  of  the  time  that  the  true  value  is  expected  to  fall 
within  the  interval.  Thus  the  name.  This  proportion  expresses  our  "confidence" 
of  being  right  in  our  prediction  that  the  true  value  will  fall  in  the  interval 
calculated.  Formulas  for  calculating  confidence  intervals  are  given  below  in 
Section  IX:  Reliability  Confidence  Intervals. 
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2.  EXPERIMENTAL  ERRORS 

If  the  same  characteristic  is  repeatedly  measured  with  an  "accurate” 
device  under  constant  conditions,  the  some  result  will  not  always  be  obtained. 

As  a  matter  of  fact,  the  same  result  will  seldom  be  repeated.  However,  it  will 
be  noticed  that  most  of  the  values  will  cluster  rather  closely.  Only  a  few 
very  small  and  very  large  values  will  be  obtained.  It  is  assumed  that  these 
observed  deviations  are  due  to  chance  errors  in  the  measuring  process.  They  are 
called  experimental  errors. 
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3.  POPULATION  VS  SAMPLE 

The  family  of  values  generated  by  repeated  measurements  of  the  same 
characteristic  is  called  a  population .  A  population  is  generally  assumed 
to  be  infinite.  Any  sub-portion  of  a  population  is  called  a  sample  of  that  pop\i- 
lation.  A  saii5)le  is  always  finite. 

4.  PREDICTION  ERRORS 

The  reasoning  behind  the  new  philosophy  is  as  follows:  The  observa¬ 
tions  or  measurements  made  in  any  experiment  are,  in  fact,  finite  samples  of  a 
much  larger  (infinite)  body  of  data  that  could  exist  had  thousands  (infinite) 
of  observations  been  made  of  the  same  characteristic  under  the  same  consteint 
conditions.  It  is  assumed  that  urj-ess  an  infinite  number  of  observations  is 
made,  the  true  value  of  the  chaaracteristic  measured  will  never  be  exactly  known. 
This  reasoning  requires  focus  of  attention  not  on  the  observed  values  but  on 
what  these  v€J.ues  represent  —  the  larger  family  of  all  possible  values  of 
the  characteristic  being  measured.  The  objective  is  to  infer  from  the  san5)le 
something  about  the  population.  Experience  has  taught  that  prediction  (an 
inference)  cannot  be  made  with  certainty.  There  is  always  a  chance  of  being 
vrcog.  Srrors  of  this  type  are  called  the  prediction  errors. 
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FREQUENCY  DISTRI3UTI0H 


If  all  measurements  referred  to  above  are  divided  Into  small  groups 
or  cells  having  a  range  equal  to  about  one-tenth  the  total  range  (from  maxlTmim 
to  minimum)  of  all  values,  there  will  be  about  ten  cells.  Then  if  a  count  is 
ta]5,en  of  the  number  of  values  falling  within  the  range  of  a  particular  cell, 
the  ratio  of  this  number  to  the  total  nimiber  of  measurements  available  is  the 
relative  frequency  of  occurrence  of  measurements  (events)  in  that  cell.  If  the 
totfiJ.  number  of  meastirements  available  is  very  large  ( 1,000  or  more)  and  all 
vjJ-ues  falling  irLthin  the  cell  are  counted,  a  very  good  estimate  of  the  true 
frequency  of  occurrence  of  v^alues  in  that  cell  for  that  particular  population 
will  result.  Doing  this  for  all  the  cells  would  give  values  that  could  be 
plotted  on  a  bar  graph  as  follows:  Arrange  the  cells  along  the  abscissa  in 
ascending  order  according  to  the  magnitude  of  the  midpoints  of  their  range; 
erect  bars  over  these  mdlpoints  with  height  proportional  to  the  relative  fre¬ 
quency  in  each  cell  and  widths  equal  to  the  cell  width.  This  bar  graph  is  known 
as  a  histogram. 

6.  NORMAL  DISTRIBUTION 

As  the  toted  nmber  of  values  used  is  increased  and  the  cell  width 
(range)  decreaised,  the  step-wise  form  of  the  bar  graph  fades  into  a  smooth 
curve  tliat  is  called  a  frequency  distribution.  In  practice,  this  is  actually 
how  a  frequency  distribution  is  formed.  It  means  ^dmit  the  name  ln5)lies.  It  is 
a  distribution  of  (relative)  frequencies. 
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Experience  has  shown  that  the  families  of  values  generated  by  repeated 
measurements  of  the  same  characteristic  under  controlled  conditions  have  definite 
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forms.  The  most  common  of  these  forms  and  the  most  useful  is  called  the  normal 
frequency  distribution.  This  is  the  smooth  curve  described  above.  It  is  bell¬ 
shaped.  The  family  of  values  forming  this  distribution  is  called  the  normal 
population. 

As  the  cell  width  in  the  bar  graph  decreases  and  approaches  zero,  the 
height  of  the  bar  represents  the  relative  frequency  for  a  single  value  on  the 
abscissa.  Thus  there  is  a  relative  irequency  for  any  value  in  the  population 
of  measurements.  The  stun  of  all  the  frequencies  equals  xhe  frequency  of  all  the 
values  in  the  population  which  is  assigned  the  numerical  value  of  one.  The 
equation  for  this  function  is  known,  but  it  is  of  no  direct  importance  for  the 
purpose  of  this  discussion.  It  can  be  found  in  any  steuidard  text  on  statistics. 
7.  PROBABILITY 

From  a  practical  point  of  view  relative  frequencies  (proportions) 
are  estimates  of  probabilities.  By  definition,  if  it  is  certain  that  an  event 
will  occur,  it  is  said  that  the  probability  of  occurrence  is  equal  to  unity. 

If  it  is  certain  that  an  event  will  not  occur,  it  is  said  that  the  probability 
of  occurrence  is  equal  to  zero. 

In  the  above  example,  if  the  cell  width  was  equal  to  the  range  of  the 
population  (from  the  maximum  to  the  minimum  value  in  the  population)  it  would 
be  certain  that  the  next  value  taken  would  fall  within  this  "cell"  As  a 
result  of  taking  repeated  measurements,  all  of  the  values  would  fall  within 
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this  "cell."  The  number  of  values  falling  within  this  "cell"  divided  by  the 
total  number  of  ved-ues  will  equal  unity.  That  is,  the  probability  of  a  value's 
falling  within  the  "cell"  (the  event)  is  equal  to  one. 

If,  on  the  other  hand,  a  new  cell  is  taken  having  a  maximum  limit  less 
than  the  minimum  of  the  above  population,  it  is  certain  that  the  next  value  taken 
from  the  above  population  will  not  fall  within  the  new  cell.  If  repeated 
measurements  are  taken  from  the  above  population,  none  of  the  values  will  fall 
within  the  new  cell.  The  number  of  values  falling  within  the  cell  divided  by 
the  total  number  of  values  will  equal  zero.  That  is,  the  probability  of  a 
value's  falling  within  the  cell  (the  event)  is  equal  to  zero. 

The  area  under  the  normal  frequency  distrilnation  is  used  to  measure 
probabilities.  As  shown  above,  the  magnitude  of  the  ordinate  associated  with 
€uiy  value  on  the  abscissa  is  a  measure  of  the  relative  frequency  of  occurrence 
(or  probability  of  occurrence)  of  that  value.  The  summation  of  all  the  ordinates 
below  any  particular  value  on  the  abscissa  is,  of  course,  equal  to  the  area 
under  the  curve  below  that  ordinate.  This  area  is  then  a  measxire  of  the 
probability  of  occurrence  of  all  values  in  the  population  below  the  given  value. 
8.  PARAMETERS 

Just  two  i>arameters  or  characteristics  of  the  normal  frequency 
distribution  are  required  to  define  this  curve  completely.  The  first  parameter 
is  the  central  value  around  which  most  of  the  values  belonging  to  a  particular 
population  will  naturally  cluster.  This  parameter  is  called  the  true  or  popu¬ 
lation  mean  and  is  measured  by  the  arithmetic  average  of  all  the  values  in  the 
population.  The  other  parameter  required  is  the  dispersion  of  values  around  the 
central  value.  This  parameter  is  measured  by  the  root  mean  square  of  the 
deviations  from  the  true  mean  and  is  called  the  true  or  population  standard 
deviation. 
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9. 


PROPERTIES  OF  NORMAL  CURVE 
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Graphically,  the  mean  is  the  ordinate  that  passes  through  the  center 
of  gravity  of  the  area  under  the  curve,  since  this  curve  is  symmetrical.  The 
mean  is  equal  to  the  mode  (the  most  frequently  occurring  value)  and  the  median 
(the  middle  value.) 

Also,  graphically,  the  standard  deviation  is  equal  to  the  horizontal 
distance  between  the  ordinate  of  the  mean  and  the  inflection  point  on  the  curve 
on  either  side  of  the  mean  ordinate. 


Where:  #4  a  The  true  population  mean. 

^  »  The  true  population  standard  deviation. 

X  »  Any  observed  value. 

The  true  mean  plus  or  minus  one  standard  deviation  includes  68.27  percent 
of  the  total  area  under  the  curve.  The  mean  plus  or  minus  two  standard  devia¬ 
tions  will  include  95*^5  percent  of  the  total  area  under  the  curve.  These 
values  are  used  to  make  probability  statements.  Hiey  mean  either  or  both  of 
the  following: 
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A.  In  generating  a  normal  fa-idlj  of  values,  68  percent  of  the 
total  number  of  values  will  lie  within  plus  or  minus  one  standard  deviation  of 
the  mean.  This  is  especially  true  if  the  total  number  is  very  large — i.e., 

1,000  or  more. 

B.  Randomly  chosen  values  from  the  normal  population  have  a  68 
percent  chance  or  a  probability  of  0.68  of  falling  within  plus  or  minus  one 
standard  deviation  of  the  mean. 

®iis  distribution  is  unique  in  nature.  It  is  the  curve  of  regression 
for  the  distribution  of  all  small  sample  averages. 

10.  RANDOMIZATION 

The  meaning  of  the  word  random  as  used  in  modern  statistics  can  be 
better  described  than  defined.  The  phrase  "randomly  chosen  values"  describes 
a  selection  procedure  of  a  very  special  kind.  This  procedure  is  free  of  biases 
of  all  sorts.  It  is  the  only  procedure  which  will  permit  the  free  play  of  chance 
variations,  which  are  the  theoretical  basis  for  all  modern  statistical  techniques. 

Random  selection  or  random  sampling  can  be  accomplished  by  physically 
mixing  the  items  before  sampling,  or  by  numbering  all  of  the  items  and  then  using 
a  table  of  random  numbers  to  determine  which  items  to  select  and  jn  v-h;  b  ordav  to 
select  them.  Random  selection  is  the  process  used  in  lotteries,  all  numbered 
tickets  being  deposited  in  a  revolving  drum  and  a  single  drawing  made  by  a  blind¬ 
folded  person.  It  is  assumed  that  such  a  procedure  is  completely  unbiased,  that 
chance  alone  is  at  play,  and  that  each  ticket  in  the  drum  has  an  equal  chance 
of  being  selected.  The  process  of  random  selection  then^not  only  permits  the  laws 
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of  chance  to  determine  which  item  is  to  he  chosen,  hut  also  the  order  in  which 
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successive  items  are  chosen.  This  procedure  relieves  the  experimenter  completely 
of  any  responsibility  concerning  "which  item"  and  "which  order^'  In  the  lottery, 
the  oi)erator  wants  to  he  "fair"  In  an  experiment,  the  experimenter  wants  to 
he  unbiased. 

11.  SAMPLING 

In  a  lottery  the  relative  frequency  of  occurrence  of  any  particular 
nimher  is  equal  to  the  relative  frequency  of  occurrence  of  any  other  number  in 
the  drum  (population).  Each  number  has  an  equal  chance  of  being  selected  if  the 
selection  procedure  is  truly  random  and  unbiased.  However,  the  relative 
frequency  of  occurrence  of  the  values  in  a  normal  population  is  not  equal. 
Tlieoretically,  all  are  different.  A  little  reflection  will  show,  however,  that 
random  selection  will  be  "fair"  and  unbiased  here,  also.  If  in  a  boT»l,900 
white  beads  and  100  red  beads  are  mixed  well  (i.e.,  randomized),  and  a  handful 
of  beads  selected  by  a  blindfolded  person,  the  ratio  of  red  to  white  beads  in 
that  or  any  other  handful  will  be  close  to  1  to  9*  The  average  ratio  of  a 
large  number  of  trials  (handfuls)  will  be  1  to  9  *”  th«?  relative  frequencies  of 
the  two  colored  beads  in  the  bowl,  the  population.  This  ssune  relation  between 
sample  and  population  holds  true  in  selecting  (sampling)  values  from  a  normal 
distribution  if  sampling  is  done  in  a  random  fashion.  That  is,  every  value 
(or  item)  in  the  population  has  a  chance  (probability)  of  being  selected  equal 
to  the  frequency  with  which  it  actually  exists  in  the  population.  Only  samples 
that  can  reflect  these  actual  relative  frequencies  in  the  popxolation  can  be 


22 


considered  as  representing  the  population  in  an  unbiased  manner.  Samples  must 
correctly  represent  the  population  from  which  they  are  taken  if  valid  inferences 
are  to  be  made  about  the  population, from  the  sample.  Of  course,  successive  samples 
drawn  from  the  same  population  will  not  be  identical,  but  if  randoirife’-  selected, 
the  difference  between  them  will  be  due  to  chance  errors  only.  Under  these 
circiimstances  modern  statistical  techniques  will  identify  them  as  having  come 
from  the  same  population,  which,  in  fact,  they  did. 

12.  ESTIMATES 

In  practice,  to  make  a  measurement  (or  observation)  is  to  estimate 
the  true  population  mean.  The  more  observations  made  emd  averaged  together, 
the  better  the  estimate.  This  estimate  is  called  a  "point  estimate"  to  dis¬ 
tinguish  it  from  an  "interval  estimate."  However,  it  is  assumed  that  the  true 
mean  is  never  known  exactly  unless  an  infinite  nvunber  of  observations  is  made. 

If  the  root  mean  square  of  the  deviations  of  the  individual  observa¬ 
tions  is  calculated  from  the  average  of  all  observations,  the  true  population 
standard  deviation  can  be  estimated.  As  with  the  mean,  however,  it  is  assumed 
that  this  true  parameter  is  never  known  exactly  unless  an  infinite  number  of 
observations  is  made. 

13.  PREDICTIONS 

The  two  predictions  made  most  often  in  modem  statistics  are  the 

following : 

A.  Tlie  magnitude  of  the  true  parameters.  These  predictions  are  based 
on  interval  estimates  which  are  called  confidence  intervals. 
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B.  Whether  two  or  more  values  belong  to  the  same  population.  Tliese 


*>■ 
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predictions  are  called  tests  of  significance. 

The  prediction  problem  in  modem  statistics  is  to  estimate  first 
the  population  mean  sind  standard  deviation  and  then  predict  what  these  two  popu¬ 
lation  parameters  might  be  or,  given  two  or  more  estimates,  to  predict  whether 
they  came  from  'the  same  population.  If  there  are  thousands  of  observations  in 
each  of  the  samples,  the  sample  means  and  standard  deviations  are,  for  all 
practical  purposes,  equal  to  the  population  pairameters  and  prediction  becomes 
unnecessary.  In  practice,  however,  such  large  samples  are  generally  not  avail¬ 
able.  They  are  too  costly  to  obtain.  The  problem,  then,  is  to  predict  from 
small  samples  what  the  parameters  might  be  or  whether  the  samples  came  from  the 
same  population. 

Intuitively,  it  is  known  that  predictions  cannot  be  made  with  cer¬ 
tainty  —  there  is  always  a  possibility  of  being  wrong.  As  a  result,  to  be  right 
as  often  as  possible,  reliance  is  placed  on  plsuming.  In  modem  statistics,  this 
possibility  is  maximized,  and  chances  of  being  right  are  actually  controlled. 

To  place  this  on  a  mathematical  basis  the  assumption  is  made  that 
the  data  have  a  normal  frequency  distribution.  The  normal  distribution  is  then 
used  to  calculate  the  probability  of  being  right  in  making  predictions.  This 
is  called  the  confidence  level  of  predictions.  The  techniques  of  modem  statis¬ 
tics  have  been  developed  to  make  predictions.  The  assumption  that  the  distribution 
is  normal  for  variable  (measured)  data  is  a  reasonable  one.  Experience  has  shown 
that  the  numerical  values  of  measxirable  characteristics  of  products  manufactured 
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under  controlled  conditions  are  normally  distributsd  (Ref.  11).  In  addition^the 
central  limit  theorem  states  that  the  distribution  of  averages  of  variable  data 
is  normal.  So,  when  comparing  averages  or  calculating  confidence  intervals  of 
measured  data,  the  assumption  of  normality  is  quite  valid.  This  is  true  of 
attribute  (counted)  data  only  where  they  are  transformed  to  variable  data  by 
some  such  process  as  the  arc-sine  transformation. 
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RSQUIREMEHTS  FOR  A  GOOD  ECTERIMEHT 


1.  FREDESIGI?  PHASE 

A.  Comaon  Sense 

Experimental  plans  and  experimental  results  that  violate  common 
sense  are  discarded,  not  the  common  sense. 

B.  Past  Experience 

Use  all  available  Imowledge  and  information  from  past  experience. 

C.  Choice  of  Variables 

Kake  a  coii5>rehensive  list  of  all  the  veuriables  (factors  or 
environmental  treatments)  whose  effects  on  the  components  functioning  characteris¬ 
tics  are  of  interest  or  must  be  determined.  This  should  include: 

a.  Factors  of  direct  interest. 

b.  Factors  which  may  help  show  how  the  main  factors  work. 

c.  Factors  required  to  determine  the  effect  of  experimental 
technique.  In  addition  to  choosing  the  variables  to  be  used,  their  order  of  use 
must  also  be  established.  The  order  chosen  should  be  the  one  most  likely  to  be 
experienced  in  use  or  the  one  considered  most  severe.  The  order  selected  must 
be  held  constant  througliout  the  experiment. 

D.  Choice  of  Factor  Levels 

a.  Nxjmber  of  levels 

The  number  of  levels  used  in  the  designs  described  in  this 
manual  bM  been  limited  to  two.  These  designs  are  the  simplest  and  the  most 
versatile  for  conducting  multi -factor  experiments. 
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b.  Position  of  levels 


In  using  only  tvo  levels  those  used  etre  usually  the  extremes^ 
such  as  the  presence  and  absence  of  an  environmental  treatment  or  extremely  low 
and  high  temperatures.  The  choice  of  levels  used  must  be  eorlved  at  thro\igh  the 
use  of  good  Judgement^  comoon  sense>  and  detailed  knowledge  of  the  puxpose  and 
probable  outcome  of  the  Investigation.  Factorial  e:qperlments  are  most  efficient 
In  their  ability  to  detect  differences  among  environmental  effects  ^en  the 
levels  of  severity  used  are  such  that  approximately  50  percent  of  the  test 
specimens  fall. 

E.  Scope 

Consider  the  entire  scope  of  the  problem.  Without  regard  to 
costj  tlme^  or  effort  consider  what  It  Is  that  must  be  known  eventually.  If 
this  turns  out  to  be  a  very  large  e3q>erlment|  the  cost  of  which  Is  prohibitive, 
divide  the  whole  problem  Into  ratloneQ.  parts*  This  makes  possible  a  systematical¬ 
ly  planned  approach.  It  also  makes  It  possible  to  relate  your  test  plan  to  cost 
and  the  amount  of  information  required. 

F.  Possible  Outcomes 

Consider  all  possible  outcomes  and  their  physical  Interpretation. 
Results  that  have  no  physical  Interpretation  have  no  practical  value. 

G.  Choice  of  Criteria 

Choose  carefully  the  criteria  on  vdilch  conclusions  will  be 
based.  To  Insist  that  a  coiqponent  have  a  reliability  of  0.999  vlth  respect 


to  temperature  shock  Is  of  little  value  nhen  It  has  a  reliability  of  only  0.80 
with  respect  to  transportation  vibration. 

H.  F'ormulation  of  Hypothesis 

Develop  the  right  hypothesis  by  asking  the  right  questions  the 
experimental  results  are  expected  to  answer.  To  show  conclusively  that  com¬ 
ponent  A  has  a  much  higher  reliability  than  component  B  has  solved  nothing  if 
component  A  cannot  be  mass  produced. 

I.  Type  of  Measurement 

The  type  of  measurement  to  be  used  should  be  considered 
for  the  sake  of  efficiency.  Variable  type  data  can  vary  from  minus  infinity 
to  plus  infinity  and  furnish  the  maximum  information  per  observation.  Attribute 
data  are  "success"  "failure"  type  data  and  furnish  the  least  information  per 
observation.  From  this  it  is  clear  that  variable  type  data  should  be  used 
wherever  possible  in  factorial  experiments;  care  should  be  exercised,  however, 
in  u£ '.ng  variable  data  to  determine  reliability  (see  below). 

J.  Choice  of  Experimental  Units 

a.  Definition  of  Experimental  Unit 

An  experimental  unit  (test  specimen)  is  the  smallest 
sub-division  of  the  experimental  material  that  C£m  receive  different 
treatments. 
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b.  Size  of  experimental  unit 


o 
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Sufficient  homogeneous  or  uniform  material  should 
be  available  to  conduct  a  complete  set  of  treatment  combinations  (required  by 
the  experimental  design)  during  a  single  period  of  time  (such  as  a  day)  by  a 
single  Instrument  condition  (such  as  calibration)  and  by  a  single  operator  or 
group  of  operators.  Material  produced  during  a  particular  period  of  time  by 
a  single  process  and  by  a  single  manufacturer  can  be  considered  homogeneous. 

c.  Representative  nature  of  experimental  units 

The  experimental  units  used  should  not  differ  in 
any  important  respect  from  the  best  known  (parts)  design  to  which  the  conclusions 
are  to  apply.  If  design  changes  are  made  on  the  basis  of  experimental  results, 
the  items  used  to  obtain  the  results  are^of  course,  not  representative  of  the 
modified  design. 

d.  Independence  of  Experimental  Unit 

Experimental  units  should  respond  independently  of 
one  another.  Obtaining  a  failtire  on  one  should  not  jiffect  any  of  the  others. 
Using  a  separate  item  for  each  treatment  combination  will  usually  assure  inde¬ 
pendence  . 

K.  Choice  of  Treatments 

Treatments  are  chosen  to  give  as  direct  an  indication  as 
possible  of  the  functioning  characteristics  of  the  components  and  to  include 
as  many  as  possible  of  the  environmental  conditions  expected  in  use.  This  is 
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an  engineering  decision  that  must  be  based  on  good  judgement  and  intimate 
knowledge  of  the  purpose  of  the  experiment. 

L.  Sequential  Approach 

The  first  experiment  may  have  to  be  considered  exploratory 
in  nature.  One  or  more  ideas  may  be  generated  during  the  first  experiment  con¬ 
cerning  parts  design  modifications  or  questions  may  be  raised  from  the  results 
of  the  first  experiment  concerning  the  exact  effect  of  the  environmental  treat¬ 
ments.  In  either  case  additional  experimentation  would  be  required  to: 

a.  Confirm  the  validity  of  the  modified  parts  design. 

b.  Claiify  the  effects  of  the  environments  which  produced 
the  questionable  results. 

c.  Include  other  treatments. 

Committing  oneself  to  a  large  experiment  at  the  beginning  of  a  new  investigation 
may  not  be  feasible.  Snail  exploratory  experiments  may  indicate  a  much  more 
promisir.g  approach  in  a  short  tine  and  with  little  cost.  In  this  procedure  the 
results  of  the  first  experiment  are  obtained  and  analyzed  before  the  next  ex¬ 
periment  is  designed. 

2.  DESIGN  PHASE 

A.  Choice  of  design 

The  factorial  design  and  its  modificatioiE  described  in  this  manual 
meet  the  requirements  of  environmental  testing  experiments  better  than  any  other 
known  design.  The  advantages  of  the  recommended  factorial  designs  for  environ¬ 
mental  testing  are  as  follows; 

a.  Simple  to  use  and  analyze. 
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b.  No  control  groups  are  required. 

c.  The  two  levels  of  each  treatment  can  be  the  presence  and 
absence  of  the  treatment,  if  desired.  Alternatively,  any  two  levels  of  the 
treatments  can  be  used. 

d.  Each  treatment  effect  can  be  determined  independently  of 
aiJL  the  others.  Unambiguous  conclusions  can  be  drawn  about  each  treatment's 
effects. 

e.  Complex  experiments  involving  a  large  number  of  treat¬ 
ments  can  be  easily  handled. 

f.  These  are  the  only  experimental  designs  with  which  the  re¬ 
lationships  among  treatments  can  be  measured.  These  designs  can  determine 
whether  the  effect  of  one  treatment  d^ends  upon  emy  of  the  others.  These 
relationships  are  called  interactions. 

g.  Wie  probability  of  being  right  or  wrong  can  be  controlled. 

h.  When  the  number  of  treatments  used  becomes  large  (three  or 
more),  only  a  fraction  (l/2,  l/k,  l/8,  etc.)  of  the  total  number  of  combinations 
of treatments  and  levels  need  be  used.  IHiese  designs  are  called  fractional  fac¬ 
torials  and  optimum  multi fac tori als . 

I.  A  type  of  statistical  analysis  can  be  used  that  distinguishes 
between  variations  due  to  chance  and  variations  having  assignable  causes. 

J .  More  Information  can  be  obtained  from  a  given  number  of 
test  specimens  than  any  other  known  procedure. 

k.  The  effective  sample  size  is  Increased  by  making  it  possible 
to  use  each  observation  (or  measurement)  for  more  them  one  purpose.  In  fact. 
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each  treatment  effect  is  determined  as  though  the  entire  experiment  is  conducted 
to  determine  that  particular  treatment  effect  alone.  As  a  result,  the  precision 
with  which  each  treatment  effect  is  determined  can  he  based  on  the  total  number 
of  test  specimens  used  in  the  experiment. 

B.  Sample  Size 

In  any  experimental  situation  a  reasonable  balance  must  be 
established  between  using  too  few  test  specimens  thus  obtaining  poor  precision, 
and  wasting  time  and  material  in  attaining  unnecessarily  high  precision  by  using 
too  many  test  specimens.  When  there  is  a  prea.ssigned  number  of  test  specimens 
available,  the  question  is  whether  it  is  worthwhile  to  do  the  experiment  at  all. 
If  the  number  of  test  specimens  available  is  flexible  and  adequate,  the  number 
required  for  a  given  precision  or  reliability  can  be  calculated  in  advance.  The 
minimum  number  of  test  specimens  required  in  the  optimized  designs  is  only  one 
more  than  the  total  number  of  treatments  used.  The  more  versatile  factorial 
designs  require  at  least  l6  items  for  five  throxigh  eight  treatments  and  at  least 
32  items  for  nine  through  thirteen  treatments.  With  twice  these  numbers  of 
items,  the  latter  designs  can  also  measure  interactions. 

C.  Orthogonality 

The  property  of  these  designs,  known  as  orthogonality,  must  be 
preserved  in  order  to  simplify  the  emalysis  and  interpretation  of  the  results. 
This  can  be  done  by  keeping  the  number  of  observations  per  treatment  combination 
equal  and  constant  throxighout  the  entire  design.  Orthogonality  .'.nsures  that  all 
the  environmental  effects  and  their  interrelationships  can  be  independently  es¬ 
timated  without  entanglement. 
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D.  Confounding 
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Confounding  is  the  converse  of  orthogonality.  It  means  confusing, 
entangling,  or  equating  two  or  more  factors  or  treatments  so  that  their  separate 
effects  cannot  be  determined.  For  example,  little  can  be  concluded  about  the 
separate  effects  of  the  environmental  treatments  if  all  of  the  treatments  are 
applied  to  each  item.  If  a  failure  is  obtained  after  an  item  has  received  two 
or  more  treatments,  the  cause  of  the  failure  is  ambiguous;  it  covild  be  the 
result  of  ajiy  of  the  following: 

a.  Ihe  last  treatment. 

b.  The  last  two  treatments. 

c.  All  of  the  treatments - 

d.  Any  of  the  other  possible  combinations. 

The  exact  cause  cannot  be  determined  because  the  treatments  are  confounded. 

This  type  of  confoimdlng  should  be  avoided. 

E.  Interactions 

Interaction  is  said  to  be  present  when  certain  particular  treatment 
combinations  produce  unusual  results.  This  is  the  non-additive  or  unpredictable 
portion  of  the  experiment;  as  such,  interaction  effects  are  considered  discoveries 
by  the  U.S.  Patent  Office  and  as  such  are  the  only  patentable  portion  of  the 
experiment.  When  appreciable  interaction  effects  are  present,  care  must  be  taken 
in  quoting  main  (average)  effects.  Any  statement  about  the  average  effect  of  a 
treatment  must  specify  the  level  of  the  interacting  treatment  associated  with 
that  average. 
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However,  determination  of  interaction  effects  may  be  the  most  inqjortant  informa¬ 
tion  obtained  from  an  experiment.  It  cem  explain  what  otherwise  appear  to  be 
contradictions.  This  is  the  extra  information  furnished  by  factorials  that 
cannot  be  obtained  from  other  designs.  Pleuis  should  be  made  to  use  factorials 
that  can  measure  interaction  effects  if  there  is  a  possibility  that  they  exist. 
Higher  order  interactions  can  be  used  as  estimates  of  the  error  term  when 
multiple  replication  is  not  used. 

F.  Replication 

Hy  replication  is  meant repetition .  One  complete  replication 
consists  of  a  single  observation  for  each  of  the  treatment  combinations  in  the 
design.  If  the  observations  are  performed  in  sets,  so  that  a  complete  repli¬ 
cation  is  done  in  a  continuous  period  of  time  (such  as  a  day),  with  a  single 
measuring  system  (or  instrument),  by  a  single  operator,  the  difference  among 
replications  can  be  used  to  determine  whether  the  external  experimental  conditions 
have  remained  under  control.  Multiple  replications  are  also  used  for  the  follow¬ 
ing  pxirposes: 

a.  Increase  the  precision  with  which  treatment  effects  are 

determined. 

b.  Furnish  an  independent  measure  of  the  error  term. 

c.  As  a  basis  for  calculating  the  failure  rate  observed  for  each 
treatment  combination  in  preparation  for  transforming  attribute  data  to  a  con¬ 
tinuous  scale  in  analysis  of  variance  procedures. 
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G.  Blocking 

In  general,  blocking  means  dividing  the  entire  design  into  orthogonal 
sub-groups.  This  reduces  the  number  of  observations  that  need  be  taken  in  one 
continuous  period  of  time  and  reduces  the  amount  of  homogenous  ma-cerial  lequired 
in  one  batch.  Differences  among  blocks  due  to  uncontrolled  changes  with  time 
and  due  to  changes  in  material  cein  be  mathematically  subtracted  out  of  the  system. 

That  is,  the  object  of  blocking  is  to  make  it  possible  to  conduct  the  experiment 
in  reasonably  small  portions.  Plans  should  be  made  to  block  any  large  experiment 
or  any  experiment  expected  to  extend  over  a  long  period  of  time.  Taking  observa¬ 
tions  in  complete  replication  sets  is  one  form  of  blocking. 

H.  Reindoml  zatlon 

Randomization  can  be  accomplished  by  means  of  a  table  of  random 
numbers  or  by  drawing  well  shuffled  numbered  cards  from  a  hat.  The  important 
characteristic  of  randomization  is  that  it  be  an  objective  impersonal  procedure. 

Proper  randomization  is  determined  by  examining  the  procedure  producing  it,  not 
by  examining  the  results.  To  randomize  does  not  mean  to  arrange  in  an  order  that 
looks  haphazai'd.  The  object  of  randomization  is  to  permit  the  laws  of  chance 
(probability)  to  have  free  play.  Proper  randomization  is  the  most  important  re¬ 
quirement  for  a  good  experiment  because  it; 

a.  Prevents  biased  results  of  all  kinds  due  to  such  things  as, 
human  prejudice,  weather  cycles,  trends  in  time,  heterogeneity  of  experimental 
material,  etc. 
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"b.  Removes  systematic  error. 

c.  Relieves  the  experimenter  of  the  responsibility  of  choosing 
which  item  of  test  or  which  test  to  conduct.  Each  item  or  test  is  equally  likely 
to  be  chosen.  In  this  sense  the  experiment  is  "fair"  and  unbiased. 

d.  Assures  the  validity  of  statistical  techniques,  such  as  the 
analysis  of  variance  and  associated  tests  of  significance  which  depend  for  their 
validity  upon  the  laws  of  probability.  However,  the  use  of  randomization  can  be 
abused.  Randomization  should  not  be  used  to  conceal  large  variations.  This 
drastically  reduces  the  sensitivity  of  the  experiment  to  detect  small  differences. 
All  variables  known  to  have,  or  suspected  of  having,  significant  effects  on  the 
outcome  of  an  experiment  must  be  either  controlled  or  designed  into  the  experiment. 
Hie  use  of  randomization  should  be  considered  as  an  expression  of  ignorance  and 
used  only  to  remove  the  effects  of  small  variations  after  every  other  source  of 
variation  has  been  Included  in  the  design, or  controlled.  Only  the  use  of  good 
engineering  Judgment  and  a  knowledge  of  the  system  can  determine  how,  when,  and 
where  to  use  randomization. 

3.  ANALYST3  PHASE 

A.  Statistical  Significance 

The  word  significance  has  a  special  technical  meaning  in  statistics. 
Its  meaning  must  be  understood  in  order  statistically  to  analyze  and  interpret 
experimental  results.  One  of  the  most  important  contributions  of  statistics  is 
that  it  has  established  a  means  of  distinguishing  between  chance  variations  and 
assignable  causes.  When  the  observed  differences  are  due  to  chance  variations, 
these  differences  are  said  to  be  non -significant.  This  means  that  the  observed 
results  originated  from  the  same  source  (population).  When  the  observed 
differences  haie assignable  causes  they  are  said  to  be  significantly  different. 
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This  means  that  the  observed  results  have  originated  from  different  sources 
(populations).  In  a  well  planned  experiment  these  sources  can  be  identified. 

In  the  case  of  a  non-significant  difference,  changirig  the  treatment  from  its 
lower  level  to  its  highei  level  has  not  caused  a  detectable  difference.  In 
the  case  of  a  significant  difference,  changing  the  treatment  from  its  lower 
level  to  its  higher  level  has  caused  a  detectable  difference. 

B.  Interpretation 

In  a  good  experiment  each  treatment  effect  should  have  a  unique 
interpretation.  If  two  or  more  interpretations  are  possible,  additional  work 
is  required  to  clarify  the  ambiguities.  One  of  the  most  important  requirements 
of  a  good  experimental  design  is  that  the  conclusions  be  unambiguous.  For¬ 
tunately  the  factorial  designs  are  very  helpful  in  avoiding  ambiguity.  To 
conclude  that  an  effect  is  not  significant  is  not  the  same  as  saying  that  the 
effect  does  not  exist.  We  can  only  say  that  there  is  insufficient  data  to  detect 
the  effect.  However,  if  the  conclusions  are  that  the  effects  are  significant 
(from  the  test  of  significance),  we  can  be  assured  that  the  effect  is  real  to  the 
extent  of  the  confidence  level  associated  with  the  test  of  significance.  Further 
advantages  of  factorial  designs  are  as  follows: 

a.  The  rajige  of  validity  of  the  conclusions  concerning  the 
average  (main)  effects  is  extended  by  the  inclusion  of  more  than  one  variable 
in  the  experiment. 

b.  Physical  interpretation  of  interactions  explain  and  clarify 
underlying  mechanisms  and  relationships. 
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C.  Qualitative  Data  (Success  oi'  Failure) 


When  only  one  observation  is  taken  for  each  treatment  combination, 
analysis  of  the  results  from  the  factorial  designs  described  in  this  manual  is 
made  very  simple  by  using  the  tables  of  minimum  contrasts  in  Appendix  3A. 

These  tables  are  based  on  the  binomial  distribution.  The  test  of  significance 
that  uses  the  values  in  these  tables  is  knovm  as  Fisher's  Exact  Method  for 
2x2  Contingency  Tables.  This  test  is  valid  even  for  small  sample  sizes  and 
will  determine  not  only  the  main  effects  but  also  the  two-factor  interaction 
effects  when  the  proper  designs  are  used  (see  example  described  below.)  When 
multiple  (but  equal  number  of)  observations  are  taken  for  each  treatment 
combination,  the  Fisher  method  can  still  be  used.  However,  an  alternate  method 
which  is  slightly  more  efficient,  but  which  requires  more  calculating  can  also 
be  used.  This  method  transforms  the  qualitative  data  to  a  continuous  scale 
through  the  use  of  the  arc  sine  of  the  proportion  or  percentage  of  failures 
found  for  each  treatment  combination.  The  transformed  data  can  be  analyzed  by 
the  usual  analysis  of  variance  techniques.  The  tests  of  significance  euid  their 
interpretations  are  both  made  using  the  transformed  data.  If  the  arc  sine 
transformation  is  considered  desirable,  it  is  suggested  that  a  statistician  be 
consulted  to  conduct  the  analysis  of  variance. 

D.  Quantitative  Data 

For  quantitative  data  (such  as  g  -  values,  voltages,  or  time)  the 
usual  analysis  of  variance  can  be  conducted  on  the  observed  data  provitted  the 
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variances  are  homogeneous  throughout  the  design.  Since  tliis  procedure  is  some¬ 
what  involved,  lengthy  to  describe,  and  is  adequately  covered  in  the  literature 


<*■ 


(see  ref.  l8  and  19  ) ,  an  attempt  will  not  be  made  to  include  the 

analysis  of  variance  techniques  in  this  manual.  It  is  suggested  that  a  statis¬ 
tician  be  consulted  for  this  analysis. 


IT 


FLAMING  TEST  PROGRAMS 


a 


1.  STATEMEOTT  OF  THE  PROBIEM 

A.  Identify  the  new  and  important  problem  area. 

B.  Outline  the  npeclfic  problem  within  current  limitations. 

C.  Define  exact  scope  of  the  test  program. 

D.  Determine  relationship  of  the  particular  problem  to  the 
■vdiole  research  or  developnoit  program. 

2.  BACKGROUND  INFORMATION 

A.  Investigate  eJ-l  available  sources  of  information. 

B.  Tabulate  data  pertinent  to  planning  new  program. 

3.  METHODS  DBVELOPMENT 

A.  Bald  a  conference  of  adl  parties  concerned. 

a.  State  the  propositions  to  be  proved. 

b.  Agree  on  magnitude  of  differences  considered  worthwhile. 

c.  Outline  the  possible  alternative  outcomes. 

d.  Choose  the  factors  to  be  studied. 

e.  Determine  the  practical  range  of  these  fewtors  and 
the  ^ecific  levels  at  which  tests  will  be  meide. 

f.  Choose  the  end  measurements  which  are  to  be  made. 

g.  Consider  the  effect  of  san?>llng  variability  and  of 
precision  of  test  methods. 

h.  Consider  possible  inter-relationships  (or  "interactions”) 
of  the  factors. 

a  This  outline  was  received  in  a  private  communication  from  Mr.  Charles  Bicking, 
Office,  Chief  of  Ordnance. 
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J.  Determine  limitations  of  time,  cost,  materials,  manpower, 
instrumentation  and  other  facilities  and  of  extraneous  conditions,  such  as 
weather. 

k.  Consider  human  relations  angles  of  the  program. 

4.  rESIfflJ  OF  EXPEKDEMT 

A.  Design  the  program  in  preliminary  form. 

a.  Prepare  a  systematic  and  inclusive  schedvile. 

b.  Provide  for  step-wise  performance  or  adaptation  of 
schedule  if  necessary. 

c.  Eliminate  effect  of  variables  not  under  study  by  con¬ 
trolling,  balancing,  or  randomizing  than. 

d.  Minimize  the  number  of  experimental  runs. 

e.  Choose  the  method  of  statistical  analysis. 

f.  Arrange  for  orderly  accumulation  of  data. 

B.  Review  the  design  with  all  concerned. 

a.  Adjust  the  program  in  line  with  comments. 

b.  Spell  out  the  steps  to  be  followed  in  unmistakable  terms. 

5.  DATA  COLIECTION 

A.  Develop  methods,  materials,  and  equipment. 

B.  ^ply  the  methods  or  techniques. 

C.  Attend  to  and  check  details;  modify  methods  If  necessary. 
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6. 


7. 


D.  Record  any  aodlflcatlbiis  of  program  dealga. 

B.  Take  preeautloiis  in  collection  of  data. 

F.  Record  progress  of  the  program. 

AKAUSIS  OP  DATA 

A.  Reduce  recorded  data>  If  necessary^  to  nmerlcal  fozm. 

B.  Aig>ly  proper  mathematical  statistical  techniques. 

IMTHgREEAIIOB  OF  HBBUITS 

A.  Consider  all  the  observed  data. 

B.  Confine  conclusions  to  strict  deductions  traa.  the  evidence 


at  band. 


C.  Test  questions  suggested  by  the  data  by  independent  experiments. 

D.  Arrive  at  eoncjuslons  as  to  the  technical  meaning  of  results  as 
veil  as  their  statlsticed  significance. 

E.  Point  out  InpUcatlons  of  the  findings  for  application  and 
for  further  work. 

F.  Account  for  aziy  UmltatloDS  Imposed  by  the  methods  used. 

0.  State  resiU-ts  in  terns  of  verifiable  probabilities. 
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COMPOHEHT  REUABILEnr 


1.  XHTRODOCIIOS 

Bellablllty  Is  the  probability  of  the  siMcessfUl  perfoxnance  of  a 
specified  characteristic: 

A.  Uhder  a  specified  condition  or  set  of  conditions^ 

B.  For  a  sjpecifled  length  of  tlme> 

C.  After  a  specified  period  of  storage* 

The  "length  of  tioe”  requirement  can  usually  be  included  as  part  of 
tbb  specified  conditions. 

The  storage  requirement  has  to  do  vith  age  or  storage  life.  This 
requirement  Involves  the  x»e  of  life>testing  techniques.  To  be. useful  these 
techniques  must  be  able  to  predict  storage  life  from  short- tern  (a  few  days 
or  weeks)  accelerated  laboratory  tests.  In  order  for  these  predictions  to 
be  valld>  the  laboratory  test  results  must  be  correlated  with  storage  life 
results  by  actual  long-term  storage  tests.  At  present  this  kind  Of  information 
is  not  available. 

Life-testing  techniques  can  edso  be  used  to  determine  the  reliability 
of  an  item  with  resxwct  to  environments  whose  level  of  severity  can  only  be  in¬ 
creased  by  increasing  the  length  of  time  of  ejqposure.  To  do  this,  however, 
requires  the  establishment  of  a  minimum  length  of  exposure  time  for  successful 
functioning.  The  difficulty  here  is  that  coiiq>onent  reliabilities  established 


by  tests  of  inevewed  severity^  in  vdiich  time  Is  the  varlsblei  are  not  cooparable 
vlth  coopoMBt  reliabilities  established  by  tests  of  increased  severity  In  which 
tbs  level  of  the  envlronoent  is  the  variable. 

These  two  kinds  of  coeq^ent  reliability  cannot  both  be  used  in  the 
sans  system  to  calciilate  the  reliability  of  that  system  and  have  the  result 
meaningful. 

The  Ideal  Test  Condition 

The  ideal  condition  for  determining  reliability  is  that  condition  foxmd 
in  tensile  or  cotipresslon  testing.  That  is,  the  following  conditions  exist  tdiich 
maker  possible  the  most  efficient  determination  of  the  ultimate  strength: 

1.  The  observed  results  cure  in  the  form  of  veuriable-type  data. 

2.  The  severity  of  the  egpplled  stress  can  be  easily  Increased 
until  failure  occurs. 

3.  The  magnitude  of  the  applied  stress  is  continuously  available 
so  that  the  load  at  the  point  of  failure  can  be  directly  observed. 

4.  The  occurrence  of  failure  can  be  detected  by  inspection. 

The  average  of  the  observed  results  is  an  unbiased  estimate  of 
the  ultimate  strength. 

With  thlt  coniblnatlon  of  conditions  and  information  the  greatest 
precision  and  accuracy  can  be  obtained  with  the  smallest  seuiqf>le  size.  Aside 
from  being  convenient  and  easy  to  conduct,  this  method  gives  a  direct  measure 
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of  the  iiltimate  strength  and  therefore  the  margin  of  safety  from  which 
rellablUty-ln-uee  can  be  calculated. 

The  efficiency  of  variable-type  data  can  be  fully  e:q)lolted  here 
since  each  observed  value  is  at  the  point  of  failure.  This  is  the  value 
of  the  stress  that  the  50?^  point  on  the  cxmrulative  frequency  curve  estimates 
in  the  indirect  methods  described  in  Section  XI  3’  Tests  of  Increased 
Severity.  This  average  value  at  the  point  of  failiire  in  the  ideal  test 
and  the  ^0^. point  in  the  indirect  methods  is  liiq>ortant  since  it  is  the 
only  unbiased  measure  of  the  ultimate  strength,  the  margin  of  safety,  and 
the  reliability-in-use. 

In  all  reliability  testing  the  characteristics  of  the  ideal 
testing  condition  should  be  kept  in  mind  as  a  guide  in  more  conq>llcated 
situations  where  indirect  methods  must  be  used.  In  this  way  the  disadvan¬ 
tages  of  testing  without  failure  and  collecting  variable-type  data  at  a 
single  stress  level  can  be  seen  in  better  perspective.  For  example, 
measuring  the  resistance  of  the  circuits  of  several  similar  test  specimens 
at  a  single  voltage  cannot  measure  reliability.  This  procedure  gives  only 
one  point  on  the  (l^)-strength  curve.  Where  the  point  at  which  50?^  of 
the  items  fall  or  what  the  Biargin  of  safety  is  cannot  be  determined  using 
a  single  voltage  veilue.  CciLculatlng  the  probability  of  obtaining  resistance 
values  outside  given  limits  with  information  of  this  kind  assumes  that  the 
margin  of  safety  is  equal  to  sero. 
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COMPOtffiaST  TESTING 


Component  testing  can  be  accomplished  in  either  of  tvo  vays, 
controlled  laboratory  tests>  or  flight  tests.  E8u:h  of  these  has  its  ad¬ 
vantages  and  discuivantages: 

A.  Advantages  of  controlled  laboi'atory  testing  are: 

a.  Cost  -  This  is  the  cheapest  method  both  from  the  cost  of 
test  facilities  and  from  the  cost  of  test  specimens  for  determining  reliability 
•with  respect  to  separate  environments  during  the  developnent  phase. 

b.  Information. -  Con5)lete  information  can  be  obtained  since 
the  test  specimens  are  available  for  coiqplete  Instrumentation  and  visual 
examination. 

c.  Controlled  conditions.-  Each  test  specimen  can  be  subjected 
to  precisely  the  desired  treatment. 

d.  Results  -  Uhblased  estimates  of  reliability  can  be  obtained 
by  testing  to  fedlure  in  a  predetermined  manner  so  that  the  average  reliablllty- 
in-use  can  be  predicted  from  the  test  results. 

e.  Efficiency  -  Tests  of  increased  severity  can  be  used  to 
demonstrate  high  reliability  vith  small  baaqple  sizes. 

f.  System  reliability  prediction.-  Information  can  be  furnished 
on  a  current  buls  during  the  development  phase  of  an  item  trtilch  can  be  used 
as  a  guide  durixig  develppnent  and  idiich  can  be  tzsed  to  predict  the  expected 
system  reliability. 
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3.  Disfiavantages  of  controlled  laboratory  testing  are: 

a.  Facility  limitations  -  Environments  must  be  applied  in 
sequence  instead  of  simultaneously  as  experienced  in  use. 

b.  System  reliability  prediction  -  System  reliabilities  are 
ri.edicted  vith  inconqslete  information.  The  extent  of  conq)onent  interaction 
and  independence  is  not  loiovn.  The  degree  to  vhich  the  hiiman  factor ^  during 
assembly^ reduces  reliability  is  also  not  known. 

c.  Sample  size  -  Larger  saB5>le  sizes  sure  required  for  laboratory 
testing  of  cosqKjnents  under  use  -  conditions  than  for  testing  systems  in  flight 
to  demonstrate  a  given  systems  reliability. 

C.  Advantages  of  flight  tests  are: 

a.  Envii'onment  -  Test  speclmais  are  subjected  to  actual  use 
conditions;  all  of  the  environments  are  applied  simultaneously  and  at  the 
correct  level  of  intensity  and  duration. 

b.  Verification  -  Plight  testing  is  a  means  of  verifying  all 
of  the  predictions  based  on  coiiq>onent  values  and  other  Infoznatlon. 

D.  Disadvantages  of  flight  tests  are: 

a.  Observation  -  The  tested  specimens  are  not  available  for 

examination. 
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b.  Measxirlng  system  -  Measurement  by  telemetry  is  not  precise 

or  reliable. 

c.  Cost  -  The  cost  of  flying  a  test  vehicle  Is  excessive. 

d.  Storage  characteristics  -  Storage  characteristics  cannot 
be  determined  by  flight  tests. 

E.  From  the  above  description  of  the  relative  merits  of  laboratory 
testing  and  flight  testing  the  following  conclusions  can  be  drawn: 

a.  Laboratory  testing  furnishes  the  most  Information. 

b.  Efforts  to  improve  testing  methods  should  be  directed  to 
Improving  laboratory  methods. 

3.  CALCUIATIOH 

A.  Tests  of  Increased  severity 
R  -  1  -  P 

Where: 

R  ■  Mean  reliability  over  the  range  of  in-use  conditions 
P  ■  Probability  of  failure-ln-use  measured  by^  the  overlying  areas 
under  the  stress  and  strength  curves  (see  page  113  for  curves)  and  which  can 
be  found  by  entering  a  t(d>le  of  areas  under  the  standard  normal  curve  (Appendix 
G)  with  the  following  normal  deviate: 

(Xl  -  X2)  -  (>^  -  Ife) 

a/'**  'i 


A  failure  can  occur  only  when: 

X|>  X, 

Therefore  the  normal  deviate  becomes: 


Z  ^ 


MK  -  M| 

ess  value 


X|  =  any  stree 
Xf  =  any  strength  value 

M|  =  True  (but  unknown)  mean  of  the  stress  distribution 
Mt  =  True  (but  unknown)  mean  of  the  strength  (failure)  distribution 
True  (but  xmknown)  variar*ce  of  the  stress  distribution 
True  (but  unknown)  variance  of  the  strength  (failure)  distribution. 

The  above  values  can  be  estimated  from  sample  results  as  follows: 

A  A 

R  =  1-P 


Where : 

A 

R  =  An  estimate  of  the  true  reliability  (R) 

P  =  An  estimate  of  the  true  probability  (P)  of  failure -in -use  which  can  be 
found  by  entering  a  table  of  areas  under  the  standard  normal  curve  (appendix  3G) 
with  the  following  calculated  value: 

lx--  X,  I 

T  i  ^  - 

yifTTi 

Where : 


A 

T  =  The  normal  deviate  listed  in  appendix  3G  for  each  P  value. 
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7|  =  Average  in-use  condition  (in  terms  of  the  environmental  stress  level) 
established  by  experience  or  actual  measurement  of  the  handling,  storage,  or 
flight  conditions. 

ITg  =  Avereige  stress  at  the  observed  point  of  failure,  or  the  stress  at  the 
point  50-percent  point  on  the  failure  rate  curve  established  by  a  test  of  increased 
failure  when  the  occurrence  of  a  failure  cannot  be  determined  by  inspection. 

X| -  Xg  I  =  Absolute  difference  between  the  two  averages  without  regard  to  the 
algebraic  sign,  which  is  a  measure  of  the  margin  of  safety. 

S|  =  Standard  deviation  of  the  in-use  conditions  (in  terms  of  the  environ¬ 
mental  stress  level)  established  by  actual  measurement  of  handling,  storage,  and 
flight  conditions. 

S2  =  Standard  deviation  of  the  stress  at  the  observed  point  of  failure  or 
standard  deviation  of  the  failure  rate  curve  (in  terms  of  the  environmental  stress 
level)  established  by  a  Bruceton-type  test  of  increased  severity  when  the  environ¬ 
mental  stress  levels  at  the  point  of  failure  cannot  be  observed  directly. 

B.  Life  tests.  When  time  is  the  variable  rather  than  the  level  of  the 
environment  and  the  length  of  time  (tj^)  is  observed  for  each  failure  and  the  test 
terminated  at  the  exact  time  (t^)  of  the  last  failure: 

R  =  e-  t/m 

Where: 

A 

R  =  Sample  reliability  under  the  test  condition  as  the  probability  of  no 
failures  in  time  (t). 
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e  =  2.7183 

t,  +  t»  ♦  —  +  tft  +  (n-a)t„  V, 
m  =  — ! - = - g - “  S  P®^  failure 

=  Time  to  failure  of  individual  conqponents . 
h  =  Time  during  which  "a"  failures  occurred, 
a  =  Number  of  components  that  failed  in  time  (h). 
n  =  Number  of  components  tested, 
t  =  Required  failure-free  time. 

This  formiila  is  not  applicable  during  infant  mortality  or  wear-out  periods. 

C.  Binomial-»type  data  (binomial  distribution).  The  following 
technique  is  applicable  when  these  conditions  pertain: 

a.  The  lot  or  population  represented  by  the  seunple  is  very 
large  or  infinite. 

b.  The  sample  size  is  less  than  10  percent  of  the  lot  size. 

c.  Each  test  specimen  can  fail  in  only  one  way. 

A  k 

R  =  ii 


Where: 


R  =  Sample  reliability.  The  probability  of  success  under  the 


test  condition. 

k  =  Number  of  successes. 

n  =  Number  of  test,  specimens  or  number  of  trials. 

D.  Variable-type  data.  By  definition  reliability  is  the  probability 
that  an  item  will  perform  successfully  under  a  specified  set  of  conditions  which 
can  include  environments,  or  time,  or  both.  If  it  does  not  perform 


successfully,  the  item  fails.  By  definition  there  are  only 
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two  possible  outcomes;  success  or  failure.  There  are  no  other  alternatives 
in  reliability  testing.*  Half  of  the  test  specimens  used  car  perform  suc¬ 
cessfully,  but  any  particular  specimen  cannot  "only  half  succeed"  or  "succeed 
half  way."  Just  as  when  tossing  coins,  heads  can  occur  on  half  of  the  coins, 
but  on  any  one  coin  there  cannot  be  a  "half  of  a  head." 

9y  definition  then,  there  are  only  two  possible  outcomes  in  reliability 
"testing.  Data  of  this  type—,  called  attribute  data  — 
have  only  discrete  values^—  are  obtained  by  a  counting  process. 

Variable  data,  as  the  name  implies,  can  vary  on  a  continuous  scale- 
from  zero  to  infinity.  This  type  of  data  is  obtained  by  a  measuring  process. 

Text  books  on  the  subject  of  statistics  state  that  variable  data 
more  efficient  than  attribute  data  because  more  information  is  obtained  per 
observation.  Bat  this  advantage  of  variable  data  does  not  pertain  to  reliability 
testing  except  in  the  direct  method  where  the  observed. values  estimate  the  ultimate 
Strength.  If  variable  data  be  used  for  reliability  testing  in  other  cases,  they  can 
only  be  for  the  purpose  of  measuring  a  characteristic  of  the  test  specimen  to 
determine  the  number  of  successes  or  failures.  In  this  application,  the  "text 
book"  efficiency  of  variable  data  is  lost  the  results  obtained  in  this 

manner  can  be  used  in  the  formulas  given  above  for  calculating  reliability. 

The  probability  of  a  measured  val ue*y exceeding  a  given  limit  obtained 
from  the  average  and  standard  deviation  of  a  dependent  variable  (such  as,  ohms 

*Reliability  testing  means  the  stressing  of  a  test  specimen  by  an 
environment  or  time,  to  measure  the  margin  of  safety. 
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resistance^  percent  elongation^  timing  accuracy  or  hardness)  at  ambient 
static  conditions  does  not  measure  reliability.  There  can  never  be  a  reliability 
vLth  respect  to  a  dependent  variable.  Dependent  variables  are  properties  of 
an  Item  or  material  the  same  as  reliability  Is  a  property. 

An  Item  or  material  cannot  be  stressed  by,  or  subjected  to.  Its  ovn 
propeirtles.  In  failure  testing  an  Item's  properties  can  be  used  to  determine 
only  the  number  of  successes  or  failures  vhen  the  Item  or  material  Is  being 
stressed  by  or  subjected  to  an  Independent  variable  such  as,  E.M.F.  In  volts, 
tensile  load  In  poiands,  or  vibration  In  g's.  In  cases  of  this  kind  the  observed 
proportion  of  successes  measures  the  reliability  with  respect  to  the  Independent 
variable.  The  average  and  standard  deviation  of  dependent  variables  at  ambient 
static  conditions  can  measure  only  the  quality  of  material,  the  quality  of  the 
manufacturing  process,  or  the  effect  of  handling  or  storage  on  the  measured 
properties  -  not  reliability.  Although  there  can  be  reliability  vith  respect 
to  storage  conditions,  this  reliability  must  be  measiired  using  time  as  one  of 
the  Independent  variables  In  distributions  such  as  the  Poisson.  Reliabilities 
of  this  kind  are  stated  In  terms  of  the  probability  of  no  failures  In  a  given 
length  of  time,  not  as  the  probability  of  a  value  exceeding  a  given  limit. 
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VI 


SYSTEMS  REnjIABILITY 


1.  INTRODUCTION 

The  advantages  and  disadvantages  of  laboratory  and  flight  tests 
described  above  for  components  also  pertain  to  testing  complete  systems}  however, 
testing  complete  systems  cannot  be  used  as  a  prediction  procedure  during  R  and 
D  since  it  is  testing  after  the  fact.  In  addition^ testing  complete  systems  is 
expensive  and  difficult  even  in  the  laboratory.  As  a  result,  it  is  concluded 
that  component  testing  must  be  done  during  the  development  phase  in  order  to 
obtain  the  required  detailed  information  when  it  is  needed.  In  so  doing, 
all  of  the  shortcomings  of  the  several  methods  of  reliability  testing  which 
constitute  the  state  of  the  art,  culminate  in  the  estimate  of  system  reliability. 
Some  of  the  errors  are  compensatory,  as: 

A.  Errors  that  underestimate  reliability. 

a.  Testing  without  failure. 

b.  Estimating  reliability  under  extreme  use  conditions  only. 

B.  Errors  that  overestimate  reliability. 

a.  Applying  environments  in  sequence  instead  of  simulteuieously. 

b.  Estimating  reliability  with  respect  to  only  one  environment. 

c.  Calculating  system  reliabilities  on  the  assuimption  that 
con^Kjnents  function  and  react  to  environments  independently. 

To  what  extent  these  errors  condensate  one  another  is  not  known. 
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The  one  big  advantage  of  testing  complete  systems  under  use  conditions 
after  the  R  and  D  phase,  such  as  flight  tests  during  stockpile  testing,  is  the 
higher  reliability  that  can  be  demonstrated  in  series  systems  with  a  given  sample 
Size.  For  example^if  15  adaption  kits  are  flight  tested  without  a  failure,  this 
demonstrates  a  system  reliability  of  at  least  85  percent  at  the  90  percent  (one¬ 
sided)  confidence  level.  On  the  assumption  that  the  adaption  kit  is  made  up  of 
5  major  components  in  series,  it  would  be  necessary  that  JO  of  each  of  the  5 
major  components  be  tested  without  a  failure  to  demonstrate  an  equivalent 
system  reliability  calculated  from  the  components.  In  addition  the  difficulty 
of  how  to  apply  the  environments  to  the  components  in  the  laboratory  would  be 
encountered. 

2.  CALCULATION 

Obtaining  point  estimates  of  system  reliabilities  from  component 
reliabilities  requires  the  development  of  a  probability  equation  based  on  the 
circuitry  of  the  system  and  the  laws  of  probability.  Since  this  procedure  is 
treated  extensively  in  readily  available  literature^ such  as  reference  15,  it 
has  not  been  included  here . 

Wien  each  test  specimen  (such  as  a  system)  can  fail  in  more  than  one 
Vay,  the  Poisson  distribution  can  be  used  as  follows  (ref.  l4): 

Where: 

^  =■  Sample  reliability  under  the  test  condition  as  the  probability  of 


no  failures. 


e  -  2.7183 

T  ■  3/n  the  averace  nuniber  of  failures. 

4  ■  Number  of  failures, 
n  ■  Number  of  test  specimens. 

3.  SAFETY 

Safety  can  be  defined  as  the  probability  of  a  catastrophic  fallvire. 

A  measure  of  this  characteristic  can  be  obtained  from  the  techniques  described 
herein  for  reliability,  with  slight  modification.  For  the  determination  of  s«tfety, 
only  catastrophic  fedlures  can  be  counted  and  used.  In  this  case, of  course,  the 
objective  is  to  calculate  the  probability  of  a  failure-in-use  -  not  its  complement. 

The  relation  between  seifety  and  reliability  can  best  be  seen  from  the 
following  diagram: 

PROBABILITIES 

Safe  +  IMsafe  =  1 

-  1 

Reliable  +  Itareliable  »  1 


GOOD  +  DUD  +  PREMATURE  +  LATE, 
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VII 


RELIABILITy  CONFIDENCE  INTERVALS 


1.  Introduction 

A.  Definition 

A  confidence  interval  is  a  range  of  values  within  which  the 
true  jxopulatlon  parameter— such  as  reliability— is  expected  to  lie.  The  confidence 
level  associated  with  this  interval  is  a  probability  statement  expressing  the 
proportion  of  the  time  the  true  value  is  expected  to  be  within  the  Interval  or, 
is  the  probability  of  being  right  in  predicting  that  the  true  value  will  be 
within  the  calculated  interval. 

B.  Best  Estimate 

In  order  to  calculate  a  valid  confidence  interval  the  "best 
point  estimate"  of  the  true  population  parameter  must  first  be  obtained.  Whether 
an  estimator  is  the  "best"  depends  on  how  it  is  detennined  and  how  it  is  us'-d. 

On  the  assumption  that  the  estimator  used  is  the  correct  one  for  the  intended 
purpose,  it  is  considered  an  unbiased  point  estimate  if  the  mean  of  all  the 
possible  sample  values  equals  the  true  population  parameter.  This  also  mesins 
that  the  estimator  is  accurate.  In  addition  to  being  unbiased  the  estimator  used 
should  also  be  efficient.  That  is,  the  unbiased  estimator  chosen  for  use  should 
have  the  minimum  variance  of  all  the  possible  unbiased  estimators  that  could  be 
used.  This  means  that  the  estimator  should  be  precise.  An  estimator  that  is 
both  unbiased  (accurate)  and  efficient  (precise)  is  said  to  give  the  "best 
estimate"  of  the  true  population  parameter.  It  is  this  kind  of  estimator  that 
is  required  to  calculate  valid  confidence  intervals  or  confidence  limits. 
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In  most  engineering  work  the  arithmetic  average  of  variable 
date  is  the  "best  estimate"  of  the  true  mean  of  the  population  represented  by 
the  data.  That  is,  the  arithmetic  mean  meets  the  requirements  of  a  "best 
estimate"  since: 

(1)  The  mean  of  all  the  possible  sample  (arithmetic)  averages 
equals  the  true  mean  and  is  therefore  unbiased. 

(2)  The  variance  of  the  arithmetic  mean  is  smaller  than  those 
of  other  possible  estimators^such  as  the  median,  mode,  or  mid-range. 

What  has  been  said  above  for  variable  data  is  also  true  for 
attribute  data.  This  means  that  in  both  cases  the  "best  estimate"  of  the  true 
population  mean  is  the  observed  or  sample  average. 

In  reliability  testing  the  "best  estimate"  is  the  observed 
proportion  of  successes  or  failures.  Anything  else  cannot  qualify  as  a  "best 
estimate.".  For  example,  the  various  attempts  that  haye  been  made  to  avoid  the 
dilemma  created  by  obtaining  no  failures  in  a  test  seunple  include  the  use  of  the 
lower  limit  of  the  confidence  level  as  the  "best  estimate,"  This  value 
cannot  qualify  as  a  "best  estimate"  since: 

(1)  The  lower  limit  of  a  confidence  interval  can  rarely  be  an 
unbiased  estimate  of  the  "true  value"  the  interval  is  expected  to  encompass; 

(2)  any  lower  confidence  limit  which  equals  or  exceeds  50?^  has  a  larger  variance 
than  the  observed  value. 

In  summary^  then,  the  observed  sample  average  (or  proportion) 
is  the  only  value  around  which  a  confidence  interval  should  be  placed. 
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2. 


CALCULATION  FOR  COMPONENTS 


A.  For  tests  of  increased  severity 

Calculate  the  limits  of  the  confidence  interval  for  ^  as 

follows  (ref.  3)j 

X2  ±  _ ^-^2 

Where: 

X2  =  Average  stress  of  the  failure  distribution,  or  the  stress  at  the  50 
percent  point  on  the  failure  rate  curve  generated  by  a  test  of  in¬ 
creased  severity. 

t  =  Coefficient  by  which  the  standard  deviation  is  multiplied  to  control 
the  confidence  level. 

s^  =  Standard  deviation  of  the  failure  rate  curve  (generated  by  a  test  of 
increased  severity)  in  terms  of  the  stress, 
ng  =  San^ile  size  used  to  obtain  Xg. 

These  adjusted  values  of  JTg  are  then  substituted  for  Jfg  in  the  above  formula  for 
reliability  from  tests  of  increased  severity  and  the  reliability  recalculated 
for  both  limits.  These  recalculated  values  can  be  taken  as  the  upper  and  lower 
limits  of  the  confidence  interval  for  Ihe  average  (point  estimate)  reliability- 
in-use. 

B.  Life  tests 

When  the  length  of  time  (t^j^)  is  observed  for  each  failure  and 
the  test  terminated  at  the  exact  time  (tg^)  of  the  last  failure. 
g-Ut/2€un  ^  R  < 
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Where: 


R  =  True  Reliability 
e  =  2.7183 

U  =  Upper  percentage  point  of  the  chi-square  distribution  obtained  from 
Appendix  3c  for  half  alpha  and  2a  degrees  of  freedom. 

L  =  Lower  percentage  point  of  the  chi-square  distribution  obtained  from 
Appendix  3c  for  one  minus  half  alpha  and  2a  degrees  of  freedom 

t  =  Required  failure-free  time. 

t|  +  t2  +  tg  +  —  +  tg  +  (n-a)t 
m  =  - - z - - - m 

a 

n  =  Number  of  components  tested. 

C.  Attribute— type  data 

a.  Binomial  distribution: 

The  following  technique  is  applicable  when  each  test  specimen 
can  fall  in  only  one  way  and  when  any  one  of  these  conditions  pertain  (page  120 
ref.  21): 

(1)  The  lot  or  popvilation  represented  by  the  sample  is  very 
large  or  infinite. 

(2)  The  sample  size  is  less  than  lO^t  of  the  lot  size. 

(3)  Sampling  is  done  with  replacement. 

Lower  Limit  (page  373  ref.  23): 

_ a _ 

^  “  a  •¥  (n-a+1)  Fj 


(>k 


Where: 


P|  =  Lower  limit  of  the  confidence  interval  for  defects  or  failures.  One 
minus  this  proportion  is  the  upper  limit  of  the  confidence  interval 
for  successes. 

a  =  Number  of  defects  or  failures. 

=  Sample  size  or  the  total  number  of  trials. 

F|  =  Upper  percentage  point  from  a  table  of  the  F-distribution. 

Enter  the  F-table  in  Appendix  3E  with,  the  following  values: 

V|  =  2  (n-a+l) 


V2  =  2a 


Upper  Limit: 

(a+1)  F2 

“  (n-a)  +  (a+l)F2 

Where: 

P2  *  Upper  limit  of  the  confidence  interval  for  defects  or  failures.  One 
minus  this  proportion  is  the  lower  limit  of  the  confidence  interval 
for  successes. 

a  =:  Number  of  defects  or  failures, 
n  =  Sample  size  or  total  n\imber  of  trials. 

^2  =  ^per  percentage  point  from  a  table  of  the  F-distribution. 
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Enter  the  F-tahle  in  Appendix  3E  with  the  following  values: 

V,  =  2  (a+l) 

Vj,  =  2  (n-a) 

These  limits  can  also  he  obtained  directly  from  the  tables  in  Appendix  3B. 

b.  Hypergeometric  distribution: 

This  distribution  is  applicable  when  each  test  specimen  can 
fail  in  only  one  way  and  when  all  of  the  following  conditions  pertain  (page 
120  ref.  2l): 

(1)  The  lot  size  is  small  (finite)  but  can  be  considered  the 
population  and  not  a  random  sample  of  a  much  larger  volume  of  material. 

(2)  Sampling  is  done  without  replacement. 

(3)  The  sample  size  exceeds  10  percent  of  the  lot  size. 

The  usual  formula  for  the  hypergeometric  distribution  calculates 
the  probability  that  a  given  sample  will  contain  exactly  "x"  defectives. 

This  calculation  is  based  on  the  size  of  the  lot  (population)  when  the  lot 
fraction  defective  is  known.  However,  the  converse  of  this  is  usually  required. 
Thus,  knowing  the  observed  fraction  defective  in  the  sample,  the  upper  con¬ 
fidence  bound  of  the  fraction  defective  of  the  lot  is  required.  Tables  based 
on  the  bypergeometric  distribution  have  been  prepared  from  which  the  desired 
information  can  be  obtained  directly  (see  Appendix  3H) .  In  addition,  the  upper 
confidence  bound  of  the  fraction  defective  of  a  finite  lot  can  be  estimated  by 
multiplying  the  upper  confidence  bound  of  the  fraction  defective  of  an  infinite 
lot  by  the  following  factor: 

/"ITn" 

V  N-1  (see  page  121  ref.  2l) 
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Where: 


N  •  The  lot  size. 

n  ■  Bie  sample  size  required  to  calciilate  a  given  upper  confidence  bound 

of  the  fraction  defective  in  an  infinite  lot,  using  the  bincmial  distribu¬ 
tion. 

Care  should  be  taken  in  the  use  of  the  hypergeometric  distribution.  The  upper 
confidence  limit  of  the  fraction  defective  of  a  finite  lot  is  less  than  that  for 
eui  infinite  population  when  each  is  predicted  from  equivalent  or  identical 
■■nples.  Riis  conqparison  is  shown  in  the  following  table  for  samples  containing 
ao  defectives  and  for  the  9®  percent  one-sided  confidence  level: 


Sample 

Size 


_ Proportion  Defective _ 

Hypergeometric*  Binomial** 


5  IQP 

10 
20 
UO 
80 


.36 

.369 

•  19 

.206 

.09 

.109 

.056 

.01 

.028 

*■  Finite  lot  size  taken  as  the  population. 
**  Infinite  population. 
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Sample 

Lot 

Proportion  Defective 

Size 

Size 

Binomial** 

10 

200 

.20 

.206 

20 

.10 

.109 

40 

.05 

.056 

80 

.02 

.028 

l6o 

b 

o 

.014 

*  Finite  lot  size  taken  as  the  population. 
**  Infinite  population. 


The  hypergeometric  distribution  is  useful  in  acceptance  testing  where 
decisions  must  be  made  about  specific  lots  of  finite  size.  However,  it  shoiild 
not  be  used  in  the  development  and  stockpile  phases  of  a  missile  life  cycle. 

In  the  development  phase,  decisions  must  be  made  about  lots  of  indefinite  size. 
In  the  stockpile  phase,  decisions  cannot  be  limited  to  the  small  quantity  in 
storage)  at  this  stage  of  the  life  cycle,  there  is  interest^ also^  in  what  the 
small  stored  quantity  represents.  That  is,  small  quantities  are  placed  in  the 
stockpile  to  further  the  state  of  the  art^not  to  win  a  war.  For  this  purpose 
decisions  must  be  made  about  the  larger  indefinite  quantities  represented  by  the 
stockpile.  Predictions  in  this  case  require  the  use  of  the  binomial  rather  than 
the  hypergeometric  distribution. 

3,  CALCUIATION  FOR  SYSTEMS 

A.  Poisson  Distribution 

When  each  test  specimen  (such  as  a  system)  can  fail  in  more 
than  one  way  (ref.  l4): 
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Where: 

R  =  True  reliability  under  tbe  test  condition,  as  the  probability  of  zero 
failures. 

e  =  2.7183 

U  =  Upper  confidence  limit  of  "c"  (the  counted  number  of  failures)  obtained 
from  Appendix  3D. 

L  =  Lower  confidence  limit  of  "c"  (the  counted  number  of  failures)  obtained 
from  Appendix  3D. 

n  =  Number  of  test  specimens  (systems)  used. 

B.  Other  methods 

Wlien  the  system  reliability  is  calculated  from  component 
reliabilities,  the  lower  bound  of  the  confidence  interval  can  be  obtained  by 
either  of  two  methods  recently  developed  at  Picatinny  Arsenal:  One  based  on  the 
propagation  of  errors  method  to  calculate  the  variance  (ref.  16)  and  one  based  on 
the  Monte  Carlo  method  of  sampling  (ref.  1?).  Both  of  these  procedures  are  lengthy 
and  Involved.  An  electronic  computer  may  be  needed  to  make  the  calculations 
required  by  either  of  these  methods. 

However,  before  calculating  a  confidence  limit  for  a  system  reliability 
the  following  should  be  considered: 

a.  Confidence  limits  based  on  biased  estimates  are  also  biased.  The 
confidence  level  associated  with  such  limits  is  not  valid.  Reliability  values 
obtained  under  conditions  that  produce  less  than  50/t  failures  are  biased  estimates 
of  the  true  or  ultimate  reliability. 
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b.  The  magnitude  of  the  differences  between  the  nominal  values 
(point  estimate)  of  high  reliabilities  and  the  lower  confidence  limits  based 
on  their  variances  is  always  very  small  and  of  little  practical  importance. 


■«  > 


c.  If  the  lower  confidence  limit  of  a  system  reliability  is  to  be 
determined,  the  method  given  above  for  the  binomial  distribution  for  components 
can  be  used.  In  this  case  the  number  of  failures  (a)  equals  n  (l-ii)  where  (^) 
is  the  system  sample  reliability  and  (n)  is  the  average  sample  size  which  equals 
the  sum  of  the  component  sample  sizes  used  to  determine  (R). divided  by  the  number 
of  component  types  (or  kinds)  that  comprise  the  system.  This  procedure  is  quick 
euid  easy  to  calculate  and  is  sufficiently  accurate  for  most  purposes. 

d.  Because  of  the  efficiency  of  testing  entire  systems  as  a  unit, 
pointed  out  above  (Section  VIII  Systems  Reliability),  every  effort  should  be  made 
to  test  in  this  manner.  This  procedure  also  avoids  the  difficult  problem  of 
calculating  the  lower  confidence  limit  of  a  system  reliability  derived  from 
conqponent  reliabilities.  Since  the  system  is  the  experimental  unit  (or  test 
specimen)  in  this  case,  the  confidence  limits  can  be  easily  calculated  by  either 
of  the  following  methods  given  above: 


One  way. 


than  one  way. 


(l)  The  binomial  distribution  when  the  system  can  fail  in  only 


(2)  The  Poisson  distribution  when  the  system  c«ui  fail  in  more 


!Ihe  one  exception  to  the  rule  of  testing  systems  as  a  unit  is  in  the  development 
phase  where  a  prediction  procedure  is  required. 
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VIII 


SAMPLE  SIZE 


1.  I?rrRODlX:TIOH 

Because  of  economic  considerations,  the  question  of  how  many  specimens 
to  test  (or  how  large  a  sanqple  size  to  use)  is  always  given  e.  prominent  part  in 
planning  any  testing  program.  It  is  the  question  most  often  asked  by  engineers 
concerning  testing  programs.  To  answer  this  question  from  only  the  economic 
point  of  view  is  not  enough.  The  cheapest  testing  program  is  none  at  all! 

Of  course,  if  no  testing  is  done  there  is  no  verification  that  the  newly  de¬ 
veloped  item  is  useable  and  no  information  concerning  the  condition  of  a  stored 
item. 

Before  the  question  of  sample  size  CEin  be  answered,  the  following 
related  points  must  be  taken  into  consideration: 

A.  The  notion  that  reliability  is  related  to  the  number  of  specimens 
tested  must  be  discarded.  Only  the  precision  with  which  the  reliability  is  de¬ 
termined  is  related  to  the  sample  size. 

B.  There  is  no  one  single  sample  size  that  is  applicable  to  all 
reliability  testing  programs.  Each  program  must  be  considered  individually. 

C.  A  veO-id  sample  size  cannot  be  stated  without  first  knowing  the 
purpose  of  the  testing  program.  It  is  very  easy  to  get  the  right  answer  to  the 
wrong  problem. 

The  purpose  of  planning  the  sample  size  prior  to  data  collection  is 
to  obtain  essential  information  with  minimum  cost,  effort,  and  material, 
essential  information  being  defined  as  the  minimum  information  required  such 
that  additional  data  will  not  change  the  conclusions;  To  accomplish  this  the 
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following  design  of  experiment  techniques  must  be  considered,  since  the  question 
of  sample  size  cannot  be  answered  out  of  this  context: 

2.  laSIGN  OF  EXPERIMENT  TECHNIQUES  H?  SAMPIE  SIZE  DETERMINATION 

A.  Pu2rpose  and  Ob.^ectives: 

The  purpose  of  any  testing  program  is  to  verify  the  hypothesis 
that  objectives  (including  requirements)  have  been  achieved  or  maintained.  To 
do  so  in  any  valid  quantitative  waj^  the  characteristics  of  the  sampling  and 
testing  procedures  must  be  adeq;aate,  and  to  do  so  with  the  minimum  sample  size^ 
these  procedures  must  be  highly  efficient.  By  efficient  is  meant  maximum 
precision  with  minimum  sample  size. 

B.  Precision  of  Sampling  Procedures 

In  all  practical  testing  programs,  especially  those  in  which 
the  testing  is  destructive,  something  less  than  all  of  the  existing  items  should 
be  tested  and  from  this  an  Inference  made  about  the  remaining  (usually  larger) 
portion  of  items.  To  have  these  inferences  valid  the  sample  must  "represent" 
the  remaining  portion  of  the  lot  or  population.  If  the  lot  is  homogeneous,  a 
representative  sample  can  be  obtained  by  random  selection.  That  is,  each  in¬ 
dividual  item  in  the  lot  must  have  equal  chance  of  being  selected.  If  the  lot 
is  not  homogeneous  but  stra'cifed  in  some  manner  according  to  geographical 
location,  weapon,  or  manufacb-  \'ing  process,  then  the  sampling  plan  must  be 
designed  to  cope  with  this  characteristic  of  the  lot.  If  the  strata  are  only 
few  in  number,  then  an  equal  number  of  randomly  selected  specimens  should  be 
selected  from  each  stratum.  Ihe  number  selected  should  be  apportioned  ac¬ 
cording  to  the  size  or  importsuice  of  each  stratum.  If  the  nvimber  of  strata  is 
].arge,  then  specimens  should  be  taken  from  only  a  part  of  the  strata.  If  all 
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strata  are  equivalent,  then  a  sarapi.e  of  the  total  number  of  strata  should  be 
randomly  selected  before  the  specimens  within  them  are  randomly  selected.  If 
all  of  the  strata  are  not  equivalent,  then  the  most  important  or  largest  strata 
should  be  used.  In  any  case_^the  actual  selection  of  strata  or  specimens  must 
be  done  in  a  random  manner  either  by  physical  mixing  and  selection,  or  by 
numbering  and  determining  which  numbers  to  select  by  means  of  a  table  of  random 
numbers . 

It  is  important  that  the  sample  be  stratified  correctly  to  parallel 
that  of  the  lot.  It  is  only  in  this  way  that  the  heterogeneity  of  the  sample 
can  be  kept  to  a  minimum.  Any  increase  in  the  heterogeneity  of  the  material 
due  to  sampling,  results  in  an  inflation  of  the  overall  variation  as  measured 
by  the  standard  deviation  of  the  testing  method.  As  shown  below,  the  magnitude 
of  the  standard  deviation  is  of  prime  importance  in  calculating  sample  size. 

C.  Precision  of  Testing  Method 

The  testing  method  is  in  reality  a  measuring  system  or  device. 

It  "measures"  the  characteristic  of  the  item  being  used  as  a  basis  for  evaluation 
and  decision.  As  any  measuring  device,  the  testing  method  must  be  precise  and 
accurate.  By  precise  is  meant  that  characteristic  of  the  method  that  produces 
estimates  (numerical  results)  from  repeated  trials  that  are  close  together  when 
in  fact  there  has  been  little  or  no  variation  in  the  system.  Methods  which 
produce  estimates  close  together  and  do  not  reflect  variations  that  actually 
occur  in  the  system  are  called  insensitive  rather  than  precise  methods.  Ob¬ 
viously  this  type  of  method  is  to  be  avoided. 
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It  is  important  to  have  available  th'='  most  T^recise  methods  possiile 


since,  as  can  I'e  ccen  below  from  the  formulas,  the  samj.ie  size  varies  directly 
as  the  square  of  the  standard  deviation.  The  only  WF.y  precise  methods  can  be 


made  available  is  via  a  continuous  program  of  methods  development. 
D.  Decision  Errors 


Becaiase  all  testing  is  done  on  a  sample  basis,  decisions  (in¬ 
ferences)  must  be  made  about  the  lot.  baseu  on  the  information  gained  from  the 
shn^ile.  This  in  reality  is  a  form  of  predictioii  We  all  taiow  that  predictions 
cannot  be  made  with  certainty.  However,  there  are  oiixy  two  kinds  of  error  that 
can  be  cemmitted  in  drawing  inferences  about  the  lot: 

a.  Type  I  error  is  re  .Meeting  good  mat£^rial. 

b.  Type  II  error  is  accepting  poor  material.  It  is  desirable 
to  keep  Doth  of  these  errors  small.  Dieir  magnitude  can  be  controlled  by  the 
number  of  specimens  (sample  size)  tested  in  any  given  situation^as  shown  below. 
In  practice^ the  magnitude  of  these  errors  chosen  is  based  on  the  consequences 
of  being  wrong.  (For  example,  the  consequences  of  rejecting  good  material 
(Type  I  error)  can  cost  only  dollars,  but  the  consequences  of  accepting  poor 
material  (Type  II  error)  can  cost  lives  and  lose  war^)  Then^the  sample  size 
required  to  maintain  both  errors  at  the  selected  levels  is  calculated. 

E.  The  Difference  that  Must  be  Detected 

In  a  testing  program  of  any  kind  a  decision  vust  be  made  about 
at  least  one  of  the  following  requirements  before  anything  can  be  said  .ibout 


sample  size: 


a.  The  maximum  confidence  interval  that  car  be  tolerated  for 
the  particular  purpose  intended. 

b.  The  minimum  difference  (between  two  values)  necessary  to  be 
detected  for  the  purpose  intended. 

These  i*ic,uirenent3  can  be  established  only  throu^rbi  kn®/iod^3 
of  the  objectives  and  purposes  of  the  system  under  consideration.  For- 

this  kind  od'  information  is  usually  well  knovm  to  che  engineer. 

Sap-'Xija  slice  varies  in.arsely  as  the  square  of  the  difference  to  be  detected. 

Tie  '•Aiaple  sJjie  required  to  detect  a  difference  of  (d/2)  is  four  times  that 
recvir od  to  detect  a  difference  of(dJ. 

F,  Experimental  Design 

a.  Multi-variable  Experiments 

If  effect  of  more  than  one  variable  (such  as  effect  of 
riiore  than  one  environment)  nuust  be  determihed,  experimental  design  is  ex- 
treiasly  important  in  keeping  sample  size  to  a  minimiso.  (By  experimental 
design  is  meant  the  pattern  or  combination  of  the  variables  used  to  collect 
data.)  If  these  combinations  are  correctly  chosen,  efficiency  of  the  ex¬ 
periment  can  be  greatly  enhanced.  In  fact,  the  efficiency  is  improved  by 
a  factor  equal  to  the  nurjfcer  of  variables  included  in  the  design.  For  example, 
to  obtain  a  given  precision,  a  lactorial  design  for  three  variables  requires 
only  one-third  the  .lumber  of  test  specimens  required  by  the  classical  one-at- 
a-time  procedure.  Factorial  design  for  seven  variables  requires  only  one- 
seventh  the  number  of  test  specimens  required  by  the  classical  one-at-a- 
time  procedure.  (A  factorial  design  is  an  experimental  one  in  which  all 
possible  combinations  of  the  variable  levels  are  included  in  the  experiment.) 
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At  least  one  test  specimen  Is  required  for  each  combination  used.  When  this 
number  becomes  large,  only  a  part  of  the  total  number  of  combinations  need  be  used 
in  designs  called  fractional  factorial  designs.  These  fractional  designs  liave 
the  same  high  efficiency  as  the  full  factorial  designs.  These  designs  should 
be  used  to  screen  all  of  the  variables  of  interest  to  find  the  most  important 
ones  -  such  as  the  most  severe  environment. 

b.  Test  of  Increased  Severity 

Because  of  the  exploratory  nature  of  this  test,  an 
ovei’all  sample  size  cannot  be  precisely  predetermined.  The  number  of  test 
specimens  required  to  obtain  the  first  failure  depends  upon  the  magnitude  of 
the  existing  safety  margin  and  the  magnitude  of  the  increments  of  stress  used. 

After  the  first  failure  is  obtained,  the  effective  sample  size  is  equal  to  only  one- 
half  the  total  number  of  test  specimens  used  in  the  Bruceton  up-and-down  and 
the  Two-Stimuli  methods.  However,  these  methods  are  highly  efficient.  That  is, 
high  reliabilities  (if  they  exist)  can  be  demonstrated  with  small  sample  sizes. 

For  example^  a  reliability  of  .995  at  the  9®?^  (one-sided)  confidence  level  can  be 
demonstrated  with  40  to  50  items  with  these  methods.  Higher  reliabilities  would 
require  no  larger  sample  size.  In  addition^ these  methods  make  it  possible  to 
calculate  the  reliability  under  the  use  condition. 

Without  these  methods  the  above  reliability  would  require  at 
least  500  items  tested  without  a  failure.  The  reliability  demonstrated  in  this 
manner  would  be  under  the  test  condition  only.  It  would  not  be  possible  to 
Calculate  the  reliability  under  the  use  condition.  To  demonstrate  higher 
reliabilities  (if  they  exist)  would  require  larger  sample  sizes. 

7^^ 


c.  Life  Tesl 


When  is  the  variable  instead  of  the  environment^  as 

in  storage  during  Stockpile  programs,  the  Poisson  distribution  is  applicable,. 

In  this  case^the  sample  size  required  to  demonstrate  a  given  reliability  is 
diiectly  proportional  to  the  ratio  of  the  required  shelf  life  to  the  length 
of  storage  at  the  time  of  testing.  If  this  length  of  storage  is  short  compared 
to  the  expected  shelf  life,  very  large  sample  sizes  with  very  few  failures  are 
required  to  demonstrate  a  reliability  above  O.9O. 

G.  Confidence  Intervals 

A  confidence  interval  is  defined  as  that  interval  aroUnd  a 
sample  value  (such  as  the  average)  in  which  we  expect  the  true  (population) 
value  estimated  by  the  sample  to  lie.  The  confidence  level  is  a  probability 
statement  expressing  the  proportion  of  the  time  the  true  value  can  be  expected 
to  be  within  the  stated  interval.  The  confidence  level  is  the  complement  of 
the  T^e  I  error.  That  js,  one  minus  alpha  equals  the  corfidence  level.  Where 
alpha  is  the  probability  of  being  wrong  (in  error )^  the  confidence  level  is  the 
probability  of  being  right  in  our  predictions.  These  probabilities  can  be 
measured  by  the  area  under  a  frequency  distribution  curve^such  as  the  normal 
curve.  As  a  consequence^ 'chere  are  two  ways  in  which  an  area  equal  to  alpha  can 
be  cut  off: 

a.  By  cutting  off  an  area  equal  to  alpha  all  in  one  cail  of 

the  curve. 
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V 


b.  3y  cutting  off  eui  area  equal  to  one  half  of  alpha  in  both 
tails  of  the  curve. 

Either  way,  the  confidence  level  is  the  same  for  a  given  alpha  value.  To  dis¬ 
tinguish  between  these  two  ways  the  first  is  called  a  "one-sided"  or  "one-tail" 
level,  and  the  second  way  is  called  a  "two-sided  or  "two-tail"  level. 

Hie  on^and  two-sided  confidence  levels  have  distinctly 

different  uses: 

a.  If  there  is  interest  in  only  one  confidence  limit,  the 
one-sided  level  should  be  used. 

b.  If  there  is  interest  in  both  confidence  limits,  the  two- 
sided  level  should  be  used. 

The  decision  concerning  which  type  of  confidence  level  and 
what  magnitude  of  confidence  level  to  use  in  any  given  situation  must  be  made 
prior  to  obtaining  the  data.  Hie  type  of  level  must  be  based  on  the  need  for 
one- or  two-limit  intervals,  and  the  magnitude  of  level  must  be  based  on  the 
consequences  of  being  wrong.  To  make  these  decisions  after  seeing  the  data 
affects  the  value  of  the  confidence  level  associated  with  a  given  confidence 
interval.  Probability  statements  derived  from  a  set  of  data  are  not  applicable 
to  that  set  of  data.  The  fact  that  one-sided  confidence  levels  for  reliability 
are  higher  than  two-sided  levels  is  not  a  valid  reason  for  choosing  one-sided 
confidence  levels. 

With  these  considerations  in  mind^the  sanqile  size  required  for 
a  given  confidence  interval  can  be  calculated  as  shown  below.  Conversely,  for 
a  given  sample  size,  the  magnitude  of  the  associated  confidence  interval  can 
be  calculated.  However,  for  variable  type  data  the  standard  deviation  must  be 
known. 
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H.  Testing  Hypotheses 


Tests  of  hypotheses  are  used  to  coiiqpare  two  or  more  valuesj  such 
as  reliability  values  The  purpose  of  tests  of  this  kind  is  to  determine 
whether  observed  differences are  due  to  chance  variations  or  whether  they  are 
due  to  assignable  causes.  This  is  important  in  decision  making.  To  decide 
that  the  reliability  value  obtained  duritig  the  second  testing  period  is  smaller 
than  that  obtained  during  the  first  testing  period  is  very  disconcerting  if  the 
value  obtained  in  the  third  testing  period  j  s  larger  than  the  first  reliability 
value  obtained.  This  is  especially  disturbing  if  the  decision  has  led  to  more 
testing  or  replacement  of  partsj  but  this  is  exactly  what  can  happen  if  the 
observed  differences  are  due  to  chance  variations.  Only  thipugh  use  of 
statistical  tests  of  significance  can  this  difficulty  be  avoided. 

In  hypotheses  testing  both  the  alpha  (Type  l)  error  and  the 
beta  (Type  II)  error  should  be  controlled  to  prevent  difficulties  of  the  kind 
described  above.  The  beta  error  is  especially  important  in  Ordnance  work  because 
of  the  consequences  of  being  wrong.  The  only  way  that  these  errors  can  be  con¬ 
trolled  at  predetermined  values  is  to  calculate  the  sample  size  required  to  do 
so  in  aivencc  of  data  collection.  Experience  ha^j  shown  that  when  these  two 
kinds  of  errors  are  kept  at  55^  or  below,  the  risk  of  making  a  wrong  decision  is 
sufficiently  low  for  most  pvirposes.  To  reduce  these  errors  below  Ijt  requires 
very  large  sample  sizes. 

I.  Other  Considerations 

For  lots  made  up  of  discrete  items  from  which  only  attribute 
(success  or  failure)  data  cem  be  obtained  the  following  additional  considerations 
should  be  made; 
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a.  Lot  Size  vs  Sample  Size 


If  the  lot  is  finite  in  size  and  less  than  ten  times 
the  size  of  the  sample  selected  then  this  fact  must  be  taken  into  account.  The 
action  taken  in  this  regard  depends  upon  the  purpose  of  the  testing  and  the 
scope  of  the  conclusions  drawn  as  described  below. 

b.  Disposition  of  Selected  Specimens 

If  the  testing  done  destroys  the  specimens  selected  or 
if  the  specimens  are  not  returned  to  the  lot  for  any  other  reason,  this  fact 
must  be  taken  into  account.  Again  the  action  taken  in  this  regard  depends  upon 
the  purpose  of  the  testing  and  the  scope  of  the  conclusions  drawn  as  described 
below. 

c .  Purpose  of  Testing 

A  decision  should  be  made  pr.-'or  data  collection 
concerning  the  purpose  of  the  testing.  If  the  purp 'se  is  to  draw  a  conclusion 
about  only  those  items  in  a  small  (finite)  lot  and  if  both  of  the  two  above 
conditions  pertain,  then  the  seunple  size  can  be  reduced  slightly  through  use  of 
the  hypergeometric  distribution.  This  distribution  finds  its  most  frequent  use 
in  acceptance  testing  where  the  purpose  is  to  predict  the  expected  fraction 
defective  of  a  paorticular  small  lot  of  items.  If  such  a  lot  is  placed  in  stock¬ 
pile,  however,  then  the  hypergeanetric  assumption  is  no  longer  applicable  since 
the  purpose  of  testing  is  now  different.  Sm.all  lots  of  material  in  the  stockpile 
represent  laorger  lots  of  indefinite  size.  The  characteristics  of  this  material 
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are  studied  and  recorded  for  their  value  in  future  applications.  That  is,  the 
purpose  of  testing  is  to  draw  inferences  about  the  larger  volume  of  material 
represented  by  the  small  lot  on  hand.  In  this  latter  case^  only  the  binomial 
assumption  concerning  lots  of  infinite  size  is  applicable. 

3-  Calculation 

A.  Sample  size  required  for  a  given  confidence  interval 

a.  Variable  data 

n  = 

Where : 

n  =  Sample  size 

t  =  Standard  deviate  associated  with  the  alpha  error  used  to  control  the 
confidence  level. 

s  =  Sample  standard  deviation. 

d  =  Magnitude  of  the  confidence  interval  in  the  same  units  as  the  standard 
deviation. 

b.  Attribute  Data 

(l)  Binomial  Distribution 

Tliere  i  s  no  easjj  practical  way  accurately  to 
calculate  the  sample  size  required  for  attribute  data.  The  accurate  methods  are 
difficult  to  calculate  and  the  simple, easy  methods  are  not  accurate.  Tiie  most 
practical  method  is  to  refer  to  one  of  the  existing  tables  for  binomial  confidence 
intervals  to  find  the  sample  size  required  for  a  given  interval.  Tables  useful 
for  this  purpose  are: 

One-Sided  Limits: 

Appendix  iB 
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Two-Sided  Limits: 


Appendix  3B 

(2)  Bypergeometric  Distribution 

As  with  the  binomial  distribution,  there  is  no 
eas]^  direct  way  to  calculate  the  sample  size  for  the  liypergeometric  distribution. 
The  most  practical  way  to  arrive  at  a  saji5)le  size  in  this  case  is  to  refer  to 
one  of  the  existing  tables  for  the  hypergeometric  confidence  intervals.  P'rom 
these  tables  the  aair^ple  size  for  a  given  interval  and  confidence  level  can  be 
read  directly.  Tables  useful  for  this  ptirpose  can  be  found  in  Appendix  3H. 

Alternatively^  the  sample  size  required  in  a 
hypergeometrlc  distribution  can  be  estimated  by  multiplying  the  sample  size  for 
the  blnoml&l  distribution  by  N/(N+n) 

Where: 

N  «  Lot  size 

n  ■  Sample  size  required  in  the  binomial  distribution. 

B.  The  sample  size  required  to  detect  a  given  difference  between  two 
sample  values  in  testing  a  hypothesis: 

a.  Variable  Data 

■  -  „[  ■>  tt)  . 

Where: 

n  ■  Sample  size 

t|  »  Standard  deviate  associated  with  the  alpha  error 

t2  ”  Standard  deviate  associated  with  the  beta  error. 
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s  =  Sample  standard  deviation 
d  =  Difference  that  must  be  detected. 


b.  Attribute  Data 

As  mentioned  above  there  is  no  easy  practical  vay  to 
calculate  the  sample  size  for  attribute  data.  The  sample  size  for  hypothesis 
testing  using  attribute  data  can  best  be  determined  from  the  tables  for  minimum 
contrasts  in  Appendix  3A.  These  tables  give  values  in  the  following  format: 

MLnlmuni  Contrasts  Required  for  Significance  at  the  95/^  I«vel 


N 

No.  of  A's 

in  sample 

(l)/No.  of  A's 

in  Sample  (2) 

1+ 

Q/k 

1/- 

5 

Q/k 

1/5 

2/- 

10 

0/5 

1/7 

2/8 

3/9,  etc. 

20 

0/5 

1/7 

2/9 

3/10,  etc. 

In  this  table  N  is  the  sample  size.  The  values  in  the 
body  of  the  table  that  appear  to  be  proportions  are  written  in  a  short-hand 
method  which  mean  the  following: 

For  a  sample  size  of  the  value  in  the  first  column 
of  this  row  (o/U)  means  that  if  no  failures  are  obtained  in  the  first  sample  of 
5,  at  least  ij-  failures  must  occur  in  the  second  sample  of  5  before  the  observed 
difference  can  be  declared  significant  at  the  95^  level  of  confidence.  This^in 
turnjmeans  that  a  sample  size  of  5  can  only  detect  differences  of  80^  or  greater. 
Larger  sample  sizes  can  detect  smaller  proportional  differences.  The  use  of  these 
tables  can,  of  course,  be  reversed  to  find  the  sample  size  required  to  detect  a 
given  difference. 
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C.  Sample  size  required  in  stora/re  programs  vhere  time  Is  the 


variable; 

N  =  a 
1-R 

Where: 

II  =  Sample  size 

a  -  Number  of  failures  in  time  (h) 
h  =  Length  of  storage 
R  =  Required  reliability 


IX 


IAB0RA3X)RY  TEST  t^IIODS  FOR  COt^POMENTS 


1.  IMTRODUCTION 

It  is  assumed  in  these  methods  that  the  test  item  can  fail  in  but 
one  way.  Tliat  is,  the  binomial  distribution  is  applicable. 

Plans  should  be  made  to  conduct  the  laboratory  experiments  in  two 

stages : 

A.  Survey  the  separate  effects  of  the  several  environmental  con¬ 
ditions  of  interest  in  one  integrated  factorial  experiment  to  select  the 
environments  causing  the  liighest  failure  rates. 

B.  Determine  the  ultimate  reliability  by  means  of  a  test  of  increased 
severity  (testing  to  failiire)  using  the  treatment  (environment)  found  most 
severe  in  the  factorial  experiment. 

2.  FACTORIAL  DESICaJS 

A.  Advantages 

The  twD-to-the-n^  factorial  designs  or  their  optimized  modifica¬ 
tions  are  the  most  efficient  e:qperimental  methods  loiown  for  selecting  the  treat¬ 
ments  causing  the  highest  failure  rates.  This  approach  will  reduce  the  magnitude 
and  conplexity  of  the  experiments  required  to  determine  reliability.  More 
iii5)ortant,  all  cocqjonent  reliabilities  obtained  in  tliis  manner  will  have  a 
common  basis  of  determination  because  the  reliability  of  each  cocponent  is 
defined  in  terms  of  the  environment  which  has  been  experimentally  found  to  cause 
the  highest  failure  rate.  This  results  in  predicting  the  minimum  reliability 
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with  respect  to  the  separate  environments  for  each  cooponent.  If  all  these 
reliabilities  are  acceptable  the  reliabilities  associated  with  all  the  other 
environiaents  will  also  be  cu:c^table.  Only  in  this  way  can  valid  and  realistic 
system  reliabilities  be  derived  from  coi^ponent  reliabilities. 

See  Apx>endix  4  for  some  of  the  more  useful  two-to-the‘^n^  factorial 
designs  in  the  form  of  worksheets.  These  designs  are  the  most  efficient  knovn. 
Experiments  based  on  these  designs  may  be  conducted  without  changing  the  treat¬ 
ment  procedure  except  to  arrange  for  the  test  specimens  to  receive  the  number 
and  kind  of  treatments  required  by  the  particular  design  used.  However,  the 
best  differentiation  among  treatments  is  obtained  when  the  level  of  severity 
lused  will  cause  50  percent  of  the  test  specimens  to  fail.  This  may  cause  some 
adjustment  of  the  levels  of  the  treatments  used. 

For  the  purpose  of  this  application,  the  two  levels  of  each  treatment 
can  be  the  presence  and  absence  of  the  treatment.  Alternatively,  any  two  levels 
of  the  treatment  can  be  used. 

The  number  of  test  specimens  required  in  the  optimized  designs  is  one 
more  than  the  total  number  of  treatments  used  (ref.  5)»  The  more  versatile 
fractional  factorial  designs  (ref.  6)  require  at  least  l6  items  for  experiments 
containing  from  five  thro\;igh  eight  treatments,  and  at  least  32  items  for  n.une 
through  13  treatments.  With  twi.oe  these  numbers  of  items,  the  latter  tjpe 
designs  can  also  measure  interactions,  i.e.,  how  the  effect  of  any  one  environ¬ 
ment  depends  upon  the  others.  Interactions  among  treatments  cannot  be  measuz^d 
except  by  fafltotially  designed  e3q>eriments . 


86 


Factorial  designs  permit  a  type  of  statistical  analysis  that  dlstin- 
giishes  between  variations  due  to  chance  and  variations  having  assignable  causes, 
thereby  producing  more  information  from  a  given  number  of  items  than  any  other 
loiown  procedure.  These  designs  actually  increase  the  effective  sample  size  by 
maiclng  it  possible  to  use  each  observation  (or  measurement)  for  more  than  one 
purpose. 

In  fact,  each  treatment  effect  is  determined  as  though  the  entire 
e.'xperiment  is  conducted  to  determine  that  particular  treatment  effect  alone. 

As  a  result,  each  treatment  effect  is  determined  with  a  precision  equal  to  the 
total  number  of  items  used  in  the  experiment.  The  three -treatment -design 
exangple  described  below  demonstrates  this  point. 

Further  advantages  in  using  factorial  designs  in  environ^aental  test¬ 
ing  experiments  follows 

a.  No  control  groups  are  required. 

b.  Each  treatment  effect  can  be  determined  Independently  of  all 
others.  Thus^ unambiguous  conclusions  can  be  drawn  about  each  treatment  effect. 

c.  Complex  experiments  involving  a  large  number  of  treatments  can 
be  easily  handled  with  factorial  procedures. 

d.  This  is  the  only  experimental  design  in  which  the  relationship 
among  the  treatments  can  be  measured.  The  factorial  design  ceui  determine 
whether  the  effect  of  one  environmental  treatment  depends  upon  any  of  the 
others.  These  effects  are  called  interactions. 
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Q.  The  probability  ui'  being  right  or  wrong  can  be  controlled. 

fo  When  the  number  of  treatments  used  becomes  large  (three  or  more), 
only  a  fraction  (l/2,  l/^>  etc.)  of  the  total  nxanber  of  combinations  in 

a  factorial  design  need  be  used. 

When  multiple  replications  cannot  be  used  and  only  attribute  (go, 
no-go)  data  are  available,  these  designs  can  still  be  used  to  take  advantage 
of  their  efficiency.  Hovever,  in  cases  of  this  kind  the  usual  analysis  of 
variance  cannot  be  made.  Instead,  the  usual  summations  are  made  to  obtain  and 
con^iare  two  binomial  proportions  (by  the  Fisher  exact  method)  to  determine  the 
effect  of  each  treatment.  See  exan^ple  No.  1  below'. 

Results  of  factorial  experiments  are  used  as  a  guide  to  select  which 
envlroiuiEnt  to  use  for  determining  reliability  prior  to  conducting  the  test  of 
increased  severity.  The  factorial  experiment  surveys  all  of  the  environmental 
treatments  of  Interest  (with  a  minimum  number  of  test  specimens)  to  determine 
the  difference,  if  any,  among  the  environmental  effects.  A  decision  is  then 
made  whether  to  redesign  the  item.  If  the  item  is  considered  acceptable  at 
this  time,  reliability  is  determined  using  the  environmental  treatment  or 
treatments  found  to  be  most  severe.  If  no  differences  are  found  among  the 
effects,  reliability  can  be  determined  by  luslng  a  combination  qf  several  of 
the  treatments  considered  most  inportant  from  an  engineering  point  of  view. 

If  reliability  is  determined  by  using  the  most  severe  treatments,  the  reliability 
values  obtained  will  be  lower  than  those  obtained  with  the  other  treatments.  This 
is  a  necessary  condition  if  the  system's  reliability  derived  from  the  ccmgxsnent's 
reliabilities  is  to  be  xuseful. 
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These  designs  require  more  specimens  per  treatment  than  do  the 
fractional  factorial  designs,  but  they  are  the  only  class  of  designs  that  can 
measure  all  of  the  interaction  effects.  A  full  f£u:torial  can  be  formed  by 
writing  down  all  of  the  combinations  of  "n"  treatments,  each  at  two  levels 
in  a  multi -entry  table.  For  exanqple,  a  full  two -cubed  factorial  can  be  written 
as  follows: 


C2  c  be  ac  abc 

The  lower  case  letters  and  the  sj-mbol  (l)  in  the  body  of  the  table  identify  each 
of  the  eight  (2*'  =  8)  treatment  combinations  that  constitute  this  design.  These 
combinations  are  derived  from  their  position  in  the  table.  For  exan^le,  the 
symbol  (l)  is  located  by  A|  Bj  Cj  which  means  that  all  three  treatments  are  at 
their  lower  level.  The  lower  case  letters  (ac)  are  located  by  Ag  B|  C2  which  means 
that  treatments  A  and  C  are  at  their  higher  levels  and  that  treatment  B  is  at  its 
lower  level.  In  this  code  the  lower  case  of  the  treatment  letter  appears  in 
the  combination  only  when  the  treatment  is  at  its  higher  level.  This  results  in 
the  formation  of  all  possible  combinations  of  "n"  things  (treatments)  taken  0, 

1,  2,  ...  and  n  at  a  time.  At  least  one  test  specimen  or  observation  is  required 
for  each  of  the  treatment  combinations.  Two  or  more  observations  at  each  treat¬ 
ment  combination  are  required  for  an  independent  estimate  of  experimaital  error. 
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An  equal  number  of  observations  at  each  treatment  combination  is  reqxiired  to 
keep  the  design  orthogonal o 

C.  Fractional  factorials  (ref.  6) 

As  the  niomber  of  treatment  variables  increases,  the  number  of 
treatment  combinations,  and  therefore  the  number  of  test  specimens  required 
for  a  conqjlete  replication.  Increases  very  rapldlj'.  At  the  same  time  the 
number  of  higher  order  interactions  that  can  be  measured  also  increase?  very 
rapidly.  This  results  in  two  undesirable  situations: 

a.  The  number  of  test  specimens  required  is  too  large. 

b.  The  Information  in  the  higher  order  interactions  (three- 
factor  interactions  and  above)  is  of  little  practical  use.  Fractional  factorial 
designs  were  developed  to  avoid  these  situations  and  thereby  Improve  the  efficiency 
of  designs  for  multi -factor  e^eriments. 

When  less  than  8dl  of  the  possible  combinations  in  a  factorial 
design  a«  iised,  the  design  is  said  to  be  a  fractional  factorial.  For  the  two- 
to-the-n^^  series  there  can  be  half,  quarter,  eighth,  sixteenth,  etc.  jrortions 
of  the  full  factorlsJ.  used.  These  portions  are  called  fractional  replicates, 
where  a  full  factorial  is  one  replicate. 

Fractions^,  factorials  cannot  be  used  without  losing  or  giving  up 
some  information  that  is  avedlable  in  the  full  factorial.  However,  it  is  planned 
in  designing  a  fractional  factories,  to  lose  only  the  least  lBq>ortant  part  of  the 
information.  Sqperlence  has  shown  that  the  higher  order  Ifateractlons  in  a  full 
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factorial  are  the  least  in^Kjrtant.  This  fact  is  made  use  of  by  equating  new 
treatments  to  the  higher  order  interactions.  To  equate  one  such  interaction 
to  a  new  variable  in  a  full  2^  factorial, for  example^  creates  a  heilf  replicate 
of  a  2^  factorial.  Detailed  procedure  for  designing  fractional  factorials  can 
be  found  in  reference  l8.  At  least  one  observation  for  each  treatment  com¬ 
bination  is  required  to  keep  these  designs  orthogonal. 

D.  Treatment  procedure 

The  factorial  designs  described  in  Appendix  4  are  those  most 
frequently  used  in  environmental  experiments.  They  are  described  in  the  form 
of  treatment  procedure  worksheets  to  facilitate  their  use.  These  worksheets 
show,  in  an  easy-to-follow  manner,  how  to  treat  each  test  specimen  in  the  various 
fractional  factorial  designs  r^resented.  They  can  also  be  used  to  record  and 
anelyze  the  test  results.  A  blazik  space  in  the  item  column  means  that  the  item 
does  not  receive  the  corresponding  treatment.  A  plus  mark  in  the  item  column 
means  tliat  the  item  receives  the  corresponding  treatment.  The  combinations  of 
blank  spaces  and  plus  marks  in  the  worksheets  correspond  to  the  treatment  com¬ 
binations  in  the  respective  fractional  factorial  designs.  The  choice  of  these 
designs  should  be  based  on  the  following  considerations, ^ 

a.  The  nxjmber  of  treatment  effects  that  r^ast  be  determined. 

b.  Whether  interactions  can  be  expected  to  be  present. 

c.  The  precision  required. 

d.  The  number  of  test  specimens  available  or  that  can  be 

made  available. 

These  considerations  should  be  made  in  the  order  named. 
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The  blocks  in  which  some  of  the  designs  are  divided  are  for  the 


primary  purpose  of  breaking  the  experiment  into  homogeneous  parts  with  respect 
to  testing  equipment  usedj  operators  conducting  the  experiment,  or  climatic 
conditions, such  as  season  of  the  year,  etc.  If  all  such  things  can  be  considered 
constant,  then  these  blocks  can  be  identified  with  other  conditions  whose  effect 
it  is  desired  to  evaluate,  such  as,  firing  conditions,  functioning  conditions, 
tenperature  conditions,  or  different  lots  of  material.  Identifying  the  blocks 
with  different  conditions  or  material  does  not  affect  the  determination  of  the 
treatment  effects.  The  in^KDrtant  consideration  is  that  conditions  be  held  constant 
and  materials  be  homogeneous  within  the  block. 

E.  Analysis 

An  example  of  one  type  of  analysis  that  can  be  used  with  factorial 
designs  is  given  in  Appendix  1.  This  is  the  singplest  possible  analysis.  The  type 
of  analysis  that  can  be  made  depends  upon  the  class  of  design  used,  the  kind  (at¬ 
tribute  or  variable)  and  amount  (number  of  replications)  of  data,  and  the  way 
(at  random  or  in  blocks)  data  were  collected.  Some  types  of  analysis, such  as 
the  ar'Oysis  of  variance^are  quite  con?)licated.  As  a  resul'^  the  subject  of  the 
analysis  o'^’  variance  (ref.  l8)  is  not  Included  here.  It  is  recommended  that 
statistical  analysis  of  this  kind  be  conducted  by  statisticians. 

3.  TESTS  OF  INCREASED  SEVERITY 

A.  Introduction 

These  methods  need  be  used  only  when  one  of  the  following  situa¬ 
tions  pertalnij 
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a.  The  occurrence  of  a  failure  cannot  he  detected  by  visual 
inspection  at  the  time  of  occurrence,  as  it  is  in  a  tensile  test. 

b.  The  magnitude  of  the  stress  at  the  time  of  failure  is  not 
observable,  as  it  is  in  the  tensile  test. 

The  intended  use  of  these  methods  is  to  determine  the  magnitude  of  the  stress 
at  the  point  of  failure  (where  the  stress  equals  the  strength),  when  this  value 
is  not  directly  observable^as  in  the  case  of  the  effect  of  vibration  on  timing 
accuracy. 

The  level  of  severity  can  be  increased  in  a  variety  of  ways,  such 
as  the  following: 

a.  Using  more  extreme  levels  of  treatment  (e.g.,  higher  or 
lower  temperatures,  higher  or  lower  G-values,  or  higner  or  lover  voltages). 

b.  Applying  two  or  more  treatments  simultaneously. 

c.  Increasing  the  length  of  time  the  treatment  is  applied^as 
in  storage  tests. 

When  variable  (quantitative)  data  (such  as  resistance  in  ohms, 
elongation  in  percent  or  closing  time  in  seconds)  are  o^'ta-ined,  it  is  necessary 
to  conpare  each  observed  value  with  the  required  value  in  order  to  determine 
success  or  failure. 

B.  Bruceton  up-and-down  method  (ref.  3) 

Starting  with  the  most  severe  condition  expected  in  I’se,  test  one 
new,  unused  item.  If  the  item  does  not  fall,  increase  the  level  of  severity 
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(the  stress)  one  increment*  and  again  test  one  new,  unused  item.  Continue 
this  process  of  increasing  the  stress  one  increment  at  a  time  and  testing  one 
new,  unused  item  at  each  increment  of  stress  until  the  first  failure  is  obtained. 
Then  reverse  the  process  by  decreasing  the  stress  one  increment  at  a  time  and 
testing  one  new,  unused  item  at  each  increment  of  stress  until  a  success  is 
obtained.  Repeat  the  process  of  increasing  the  stress  to  failure  and  decreasing 
the  stress  to  success  until  at  least  25  test  specimens  are  used  after  the  first 
failure.  Calculate  the  level  of  severity  at  which  50^  of  the  specimens  fail, and 
the  associated  standard  deviation  by  the  method  described  in  Chapter  19  of  ref.  3> 
using  the  number  of  failures  for  these  calculations. 

With  this  information  the  "reliability-in-use"  can  be  predicted.  See 
the  examples  in  Appendix  1  for  details  of  the  calculations. 

When  the  form  of  the  distribution  curve  is  not  known  or  i-.  in  doubt, 
Chebyshev's  inequality  can  be  used.  This  technique  is  valid  for  any  distribution 
without  an  ass\niq)tion  concerning  its  form.  The  Inequality  states  that  the  amount 
of  area  under  any  distribution  curve  which  is  farther  away  from  the  mean  than 
k  standard  deviation  units  is  less  than  l/k^.  The  reliability  calculated  by 
this  procedure  will  always  be  less  than  the  true  value. 

When  the  form  of  the  failure  distribution  curve  is  practically  normal, 
as  shown  by  its  cumulative  frequency  approximating  a  straight  line  on  linear 


*This  value  can  be  estimated  by  dividing  the  difference  between  the 
maximum^and  minimum  in-use  conditions  by  six.  This  is  based  on  the  assumption 
that  the  extreme  in-use  conditions  are  the  3-sigma  limits. 
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probability  paper,  probability  values  can  be  found  by  entering  a  table  of  areas 
under  a  standard  normal  curve  with  calculated  normal  deviates,  which  equals  the 
difference  between  any  two  levels  of  severity  divided  by  the  standard  deviations. 

C.  Churchman  two-stimuli  method  (ref.  10 ) 

Test  one  new,  unused  item  at  the  most  severe  condition  in  use. 

If  the  item  does  not  fail,  increase  the  level  of  severity  (the  stress)  one 
increment*  and^agair^test  one  new,  unused  item.  Continue  this  process  of  in¬ 
creasing  the  stress  one  increment  at  a  time  and  testing  one  new,  unused  item  at 
each  increment  of  stress  \intil  the  first  failure  is  obtained.  This  procedure 
should  cause  the  first  failure  within  5  to  10  trials,  depending  on  the  magnitude 
of  the  safety  margin.  Using  the  level  of  severity  causing  the  first  failure, 
test  10  to  20  items  to  determine  the  proportion  of  failures  at  this  point. 

Record  this  proportion  and  the  level  of  severity  used.  Then  change  the  stress 
by  an  amount  equal  to  about  two  or  three  increments.  If  the  first  proportion 
of  failures  exceeds  50  percent,  decrease  the  stress,  and  if  the  first  proportion 
is  less  than  50  piercent,  increase  the  stress  to  find  a  second  point  on  the  curve. 
Determine  the  proportion  of  failiares  at  this  point  as  before  and  record  this 
proportion  and  the  level  of  severity  used. 

The  object  is  to  find  two  levels  of  severity  such  that  the  proportion 
of  failures  differ  by  at  least  20  percent,  and  yet  have  the  proportions  more  than 
zero  percent  and  less  than  100  percent.  From  this  information  calculate  the  aver- 


*0ne  sixth  of  the  difference  between  the  expected  maximum  and  minimum 
use  conditions. 
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age  and  standard  deviation  of  the  failure  rate  by  the  method  described  in  Reference 
No.  10.  Alternatively,  the  average  and  standard  deviations  can  be  obtained 
graphically  by  plotting  the  proportion  of  failures  against  the  correspondir.g 
stress  level  on  linear  probability  paper.  Draw  a  straight  line  through  the  two 
points.  The  average  stress  is  that  stress  corresponding  to  50  percent  failures. 

The  standard  deviation  is  equal  to  the  difference  between  the  stress  at  the 
l6  percent  point,  and  the  stress  at  the  50  percent  point  .fusing,  these  values, 
the  reliability-in-use  can  be  calculated  as  described  in  Appendix  1. 

D.  Discussion  of  methods. 

Which  of  these  methods  will  be  suitable  for  use  in  any  particular 
situation  depends  upon  the  intended  purpose  of  the  experiment.  The  choice  can 
be  based  upon  the  distinguishing  characteristics.  Both  methods  are  equally 
efficient,  as  they  both  require  the  same  sample  sice  for  a  given  precision. 

The  two-stimuli  method  shoTold  be  used  when  either  of  the  follow¬ 
ing  physical  conditions  exisisj 

a.  The  test  results  are  not  immediately  available  after  each 
trial.  This  would  cause  undue  delay  in  conducting  the  Bruceton  method  which 
requires  that  all  trial  results  be  known  before  the  condition  for  the  next 
trial  can  '  ?  determined. 

b.  The  physical  cheuiging  of  the  test  conditions  is  difficult. 
'This  would  cause  undue  work  in  conducting  the  Bruceton  method  which  requires 
changing  the  test  condition  after  each  trial. 
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£.  Method  characteristics 


a.  Bruceton  method 

(1)  Advantage: 

This  method  leads  directly  to  the  50  percent  point  with 
the  greatest  efficiency. 

(2)  Disadvantages: 

(a)  The  standard  deviation  should  be  known  in  advance. 

(b)  Tests  must  be  conducted  in  sequence,  as  the  results 
of  each  test  must  be  known  before  the  next  is  conducted. 

(c)  Test  conditions  must  be  changed  after  each  trial. 

b.  Two-stimuli  method. 

( 1 )  Advantages : 

(a)  A  number  of  trials  can  be  conducted  concurrently. 

(b)  Only  two  points  on  the  curve  are  required. 

(c)  This  method  can  be  extended  so  that  more  than  two 
points  are  determined.  If  tliis  is  done  the  form  of  the  distribution  can  be 
determined. 

(2)  Disadvantages; 

(a)  The  form  of  the  strength  distribution  curve  cannot 
be  determined  with  only  two  points. 

(b)  The  assumption  of  normality  is  required  when  only 

two  points  are  used. 
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APPEIIDIX  I 


E?CAMPLES 

A.  Confidence  Intervals 

a.  Life  tests.  A  sainple  of  20  conponents  (n)  which  are 
required  to  operate  for  2^0  hours  (t),  were  subjected  to  a  specified  use 
condition  for  a  period  of  120  hrs.  when  the  first  component  fed-led.  The 
failure  rate  was  assumed  to  be  relatively  constant  and  so  the  test  was  dis¬ 
continued  at  this  point  in  time  (l20  hrs. ). 

The  sample  point  estimate  for  reliability  can  be  calculated  as  follows; 


When:  e  =  2.7183 

1  X  120  +  (20-1)120  2400 

m  =  ^ 

t  =  240  hours. 

^  =  (2.7183)"^^^^^°^  =.90 

Tills  is  the  point  estimate  of  the  probability  of  no  failures  in  240 
hours.  The  90  percent  two  sided  confidence  Interval  for  R  can  be  calculated  as 
follows; 

g-  Ut/2ain  <  p  <  ^-Lt/2am 

When: 

e  =  2.7183 

U  =  5*99  (from  Appendix  30  for  half  alpha  and  2a  degrees  of  freedom) 
L  =  0.103  (from  Appendix  30  for  one  minus  half  alpha  and  2a  degrees 
of  freedom) 

a  =  1  (the  number  of  failures) 
m  =  2400 
t  =  24o 

alpha  =  (I-O.9)  =  0.1 
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(2,71g3)-(5*99)(24o)/2xi  (2400)  <  p  < 

(2.7183)'°*^  <  R  <  (2.7183)'°*°°^ 

Confidence  Interval: 

0.74<R<  0.995 

Id.  Binomial  type  data.-  A  sample  of  20  items  was  taken  from  a  lot  of 
100  components  and  tested  under  the  use  condition.  No  failures  were  obtained. 

To  accept  this  specific  lot  the  lower  limit  of  the  90  percent  one  sided 
confidence  limit  for  the  reliability  should  be  taken  from  the  tables  in  Ap¬ 
pendix  3H  which  are  based  on  the  hypergeometric  distribution.  The  value 
found  in  these  tables  is  9  defectives  in  the  original  lot  of  100  items.  From 
this  then  the  lower  limit  for  the  true  reliability  of  the  lot  is: 

R  (lower  limit)  =  1  -  9/1OO  =  O.9I 

On  the  assiimption  that  this  value  is  acceptable  and  the  lot  is  placed 
in  the  stockpile  for  further  testing,  the  reliability  of  the  items  that  this 
lot  represents  should  now  be  determined  from  the  tables  in  Appendix  3B  which 
are  based  on  the  binomial  distribution.  From  these  tables,  the  lower  limit 
of  the  true  reliability  of  the  items  the  lot  represents  is: 

R  (lower  limit)  «  1.000  -  O.IO9  -  O.88I 
c.  Systems :  (l)  A  group  of  10  telemetered  missiles  were  flight  tested. 

The  number  of  failures  found  in  each  missile  is  as  follows: 
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Missile  number 


Nmber  of  failures 


1  0 

2  0 

3  0 

4  0 

5  0 

6  0 

7  0 

8  3 

9  0 

10  0 


Total  3 

The  point  estimate  for  reliability  as  the  probability  of  no  fail¬ 
ures  under  the  test  condition  can  be  calculated  as  follows! 

R  =  e-  ^ 

When:  X  =  3/10 
Point  estimate; 

R  =  (2.7183)'°*3  =  0.74 

The  90  percent  two  sided  confidence  interval  for  the  true  reliabil 
ity  (R)  can  be  calculated  as  follows; 
e-U/n  ^e-Vn 
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Uben: 


e  =  2.7183 

U  =  7.75  (from  Appendix  3D). 

L  =  0.818  (tram  Appendix  3D), 
n  =  10 

(2.7183)"'^  <R<  (2.7183 

Confidence  Sitervalt 
0.46  ^R^  O.92 

The  point  estimate  and  90  percent  tuo  sided  confidence  interval 
calculated  from  the  above  8ao7>le,  using  the  binomial  distritution  1st 
Point  estimate; 

R  =  1  -  lAO  =  0.90 

(fopr  defectives); 

p  = - a - 

a  +  (n  -  a  +  1)  P| 

When: 

a  =  1  (number  of  defective  systems) 
n  =  10  (number  of  systems) 


m 


Degrees  of  freedom; 


^1  =  2  (3.0  -1  +  1)  =  20 
V2  =  2  X  1  =  2 

F-j^  =  19*4  (from  /^endix  3E  Table  2B) 

Pi  =  - 3: - -  0.0051 

■  1  +  10  X  19.4 

TTpp<^r  T.'^mlt  (for  defectives) 

Pg  = _ (ft  t  i)..r.8 _ 

(n  -  a)  +  (a  +  l)  Fj, 

Vfhen: 

a  =  1  (number  of  defective  systems) 
n  =  10  (nmber  of  systems) 

Degrees  of  freedom: 

V,  =  2  (1  +  1)  =  4 

Vg  =  2  (10  -  1)  =  18 

Fj  =  2.93  (from  Appendix  3E  table  2A) 

Pg  =  - - -  0.396 

9  +  2  X  Z,9S 

Confidence  interval; 

1  -  (0.396)  =  0.604  <'R  <1  -  (0.0051)  =  0.9949 
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(2)  A  system's  reliability  was  calculated  from  a  total  of  200  test 
specimens  and  found  to  be  ft  «  0.995*  The  95  percent  one  sided  lower  confidence 


limit  is: 


Upper  limit  (for  defectives): 
(a  +  1)  F, 


(n  -  a)  +  (a  +  l)  Fj 


When: 


a  =  0.005  X  200  =  1  (average  number  of  defectives) 
n  =  200 

Degrees  of  freedom 

V,  .  2  (1  ♦  i)  =  4 

V2  =  2  (200-1)  =  398«fl0 

F2=  2.37  (From  Appendix  3E  Table  2A) 

2  X  2.37 


(200-1)  +  2  X  2.37 


-  0.0233 


Lower  confidence  limit: 


R  =  0.995  -  0.023  =  0.972 
B.  Factorial  Experiment 

This  example  demonstrates  how  factorially  designed  environmental  experi¬ 
ments  can  be  used  in  combination  with  tests  of  increased  severity.  A  simple 
three -treatment -experiment  example  is  given  below.  The  treatments  used  in  this 


exaB5)le  are  identified  and  defined  as  follows; 

Identification  ^ 

A 


Treatment 

Transportation  vibration 
Flight  shock 


High  temperature 


For  purposes  of  tho  factorial  design,  each  troatnont  is  considered  to 
have  tvo  levels: 

a.  Lower  level  is  tho  absence  of  tho  treatment  (designated  by 
subscript  1). 

b.  Higher  level  is  tho  presence  of  tho  treatment  (designated  by 
subscript  2) . 

The  total  number  of  possible  combinations  of  throe  treatments,  each 
two  levels,  is  two  cubed  or  8.  These  8  combinations  can  bo  written  in 
tho  following  pattern: 


A| 


A2 


B, 


b 


B, 


Bj 


C,  (1)  b  a  (a  +  b) 

Cg  c  (b  +  c)  (a  +  c)  (a  +  b  +  c) 

A  minimum  of  8  items  would  bo  required  for  this  plan,  each  receiving 
different  treatment  combinations  as  follows: 

Item  number  Treatment  combinations 


1 

2 

3 

4 

5 

6 

7 

8 


None  (1) 

B  only 
A  only 
A  +  B 
C  only 
B  +  C 
A  +  C 
A  +  B  +  C 


107 


By  using  the  letters  (a,  L,  and  o)  and  symbol  (1)  to  represent  the  results 

obtained  from  testing  the  eight  items,  it  oan  be  shown  symbolically  that 

the  treatment  effeets  ean  be  independently  determined,  using  the  total 

number  of  items  in  the  entire  experiment  for  each  treatment  ai  follows: 

Effect  of  treatment  A 

a  +  (a  +  b)  +  (a  +  c)  +  (a  +  b  +  o)  - 
r  (1)  +  b  +  e  +  (b  +  o)l  =  4A 

Effect  of  treatment  B 


b  +  (b  +  c)  +  (a  +  b)  +  (a  +  b  +  e)  - 
J(l)  +  e  +  a+(a+e^  =4B 

Effect  of  treatment  C 

c  +  (b  +  c)  +  (a  +  c)  +  (a  +  b  +  e)- 
Rl)  +  b  +  a  +  (a  +  b)|  =  4C 

One  “fourth  of  these  differences  equals  tho  average  effect  of  the  respootivo 
treatments.  Prom  the  above  equations  it  can  be  seen  that  the  results  ob¬ 
tained  from  tho  eight  items  have  boon  used  three  times  -  once  for  each 
treatment.  This  procedure  oroduoos  an  effective  sample  size  oqiwl  to  3  x  8, 
or  24  items.  Each  treatment  effect  has  beor.  determined  independently  of  the 
others  with  a  precision  equal  to  tho  total  number  of  items  used  in  the 
experiment. 

The  above  three-factor  factorial  oan  bo  used  as  an  example  of  a 
fractional  factorial  design  as  follows; 


B,  _B2 


C|  - 

Cg  c 


-h 

a  - 


(a  -f  b  +  o) 
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A  mininurri  of  four  items  is  required  in  this  design.  As  before,  the 
separate  effects  can  be  determined  by  a  process  of  summation  and 
subtraction  as  follows: 

Effect  of  treatment  A 

a  +  (a  +  b  +  c)-  (b  +  c)  =  2A 
Effect  of  treatment  B 

b  +  (a  +  b  +  c)  -  (a  +  c)  =  2B 
Effect  of  treatment  C 

c  +  (a  +  b  -I-  c)  —  (a  +  b)  =  2C 

One-half  of  these  differences  equals  the  average  effect  of  the  respective 
treatments . 

When  there  is  only  one  item  available  for  each  treatment  combination, 
and  only  success  and  failure  data  are  available,  the  usual  analysis  of  variance 
cannot  be  used  but  the  remaining  advantages  of  the  factorial  design  (given 
previously)  still  pertain.  The  above  differences,  which  will  be  binomial 
proportions  in  this  case,  can  be  compared  by  the  Fisher  exact  method  for  2x2 
contingency  tables  (ref.  7)  to  determine  the  treatment  effects.  A  very  con¬ 
venient  set  of  tables  for  this  purpose  can  be  found  in  ref.  8,*'which  contains 
tables  of  minimum  contrasts  based  on  Fisher's  exact  method. 

a.  Sample  calculations.  The  full  three-factor  experiment 
used  above  might  give  the  following  typical  set  of  results,  when  the  figure 
"one"  is  entered  as  a  "failure"  and  a  "zero"  is  entered  as  a  "success."  It  is 


*”See  also  i^pendlx  3A" 


109 


assmed  that  a  knowledge  of  the  item  being  tested  has  led  to  the  decision  that 


transportation  vibration,  flight  shock,  and  hlgli  temperature  in  that  order, 
are  the  three  environmental  conditions  most  likely  to  affect  the  important 
functioning  characteristic  of  this  item;  this  characteristic  is  waterproofness. 
Tne  treatment  procedure  and  worksheet  (to  record  results)  for  this  experiment 
would  be  the  following  two-entry  table.  A  plus  mark  in  the  item  column  means 
that  the  item  received  the  corresponding  treatment,  while  a  "blank”  means  that 
the  item  did  not  receive  the  treatment. 


Treatment  procedure 

Order  of  Item  Number 

Treatment  i-4  $-8  9-12  13-16  17-20  21-24  25-28  29-32 


Transportation  vibration  (A) 

+ 

+ 

+ 

+ 

Flight  shock  (b) 

+ 

+ 

+ 

+ 

High  tenperature  (c) 

+ 

+ 

+ 

+ 

Results:  Replication  1 

1 

0 

0 

1 

0 

0 

1 

1 

2 

0 

0 

0 

0 

0 

1 

1 

1 

3 

0 

1 

0 

1 

0 

1 

1 

1 

4 

1 

1 

0 

1 

0 

0 

1 

1 

Totals 

2 

2 

0 

■3. 

0 

2 

4 

4 

The  results  of  one  conplete  replication  should  be  obtained  under  a  single  set  of 
controlled  conditions  (e.g. ,  in  the  same  day,  same  operators,  same  instruments, 
etc.),  before  going  to  the  next  replication.  This  will  make  it  possible  to  de¬ 
termine  whether  conditions  changed  significantly  during  the  e;q)eriment. 
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Placing  these  results  in  the  usual  factorial  matrix,  the 

following 

table  would  he 

obtained: 

A 

1 

^2 

Bi 

C,  1 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

1 

1 

1 

0 

1 

2 

2 

0 

3 

C2  0 

0 

1 

1 

0 

1 

1 

1 

0 

1 

1 

1 

0 

0 

1 

1 

0 

2 

4 

4 

In  preparation 

for  analyzing  these  results,  the 

usual  summing  process  would 

give  the  following  series  of  two-factor  tables: 

Summing  over  A: 

B,  Bg 

Row  Totals 

c. 

2  5 

7 

Cz 

4  6 

10 

Column  totals 

6  11 

17 

Ill 


Summing  over  B: 


Ag 

Row  Totals 

C| 

k 

3 

7 

C2 

2 

8 

10 

Coliunn  totals 

6 

11 

17 

Summing  over  C: 

A 

^2 

Row  Totals 

Bt 

2 

4 

6 

B2 

4 

7 

11 

Column  totals 

6 

11 

17 

Note  that  approximately  50  percent  (17/32)  failures  were  obtained.  This  is 
the  condition  under  which  the  greatest  resolution  of  effects  is  obtained. 
Each  one  of  th'^  marginal  totals  is  the  sum  of  16  observations.  The  results 
can  now  be  analyzed  and  interpreted  as  follows: 

Source  Effects  Test  of  Significance* 

Main  Effects 


Transportation  vibration  (A) 

6/16  vs  11/16 

Non-significant 

Flight  shock  (B) 

6/16  vs  11/16 

Non-significant 

High  temperature  (C) 

7/16  vs  10/16 

Non-significant 

Replication 

1. 

4/8 

Non-significant 

2. 

3/8 

3. 

5/8 

4. 

5/8 
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Source 


Effects 


Test  of  Significance* 


Interactions 
A  X  B 
A  X  C 
B  X  C 
A  X  B  X  C 


8/l6  vs  9/16 
5/16  vs  12/16 

8/16  V3  9/16 

6/16  vs  11/16 


Non-signif leant 
Significant 
Non-significant 
Non-signif leant 


*  From  Appendix  3A  Table  1. 

b.  Interpretation  (when  the  above  order  is  used) 

(1)  The  replication  effect  is  not  significant.  This  means 
that  the  conditions  of  the  experiment  did  not  change  significantly  from  the 
beginning  to  the  end.  Therefore,  the  results  can  be  accepted  as  valid  from 
this  standpoint. 

(2)  None  of  the  effects  is  significant  except  the  A  x  C 
interaction.  This  means  that  the  combination  of  transportation  vibration  and 
high  temperature  treatments  has  caused  a  larger  difference  in  the  niunber  of 
failures  than  would  be  expected  due  to  chance  variations  alone . 

(3)  None  of  the  treatments  taken  alone  is  significant, 
although  the  flight  shock  and  transportation  vibration  effects  approach  sig¬ 
nificance.  These  results  suggest  the  need  for  additional  flight-shock  and 
transportation  vibration  tests  if  these  treatments  are  considered  important 
from  an  engineering  point  of  view. 

These  results  show  clearly  that  the  combination  of  trans¬ 
portation  vibration  and  high  temperature  is  the  most  severe  condition.  From 
this,  reliability  should  be  defined  in  terms  of  waterproofness  after  trans¬ 
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portation  vibration  and  high  temperature.  If  this  reliability  is  acceptable, 
the  waterproofness  reliabilities  under  all  of  the  other  conditions  used  will 
also  be  acceptable. 

C.  Tests  of  Increased  Severity 

a.  Bruceton  method  (ref.  .3).  The  results  from  the  factorial 
experiment  described  above  show  that  the  Bruceton  "up-and-down"  procedure  can 
be  conducted  by  varying  the  severity  (g-force  level)  of  the  transportation 
vibration  treatment  and  using  the  same  high  temperature  (without  variation) 
as  that  used  in  the  factorial  experiment.  This  can  be  done  since  the  high 
temperature  -main  effect  (difference  in  the  number  of  failures  between  the 
presence  and  absence  of  this  treatment)  is  not  significant.  Assuming  that  the 
average  g-force  expected  in  use  is  k  g's  with  a  standard  deviation  of  2  g's, 
then  using  increments  of  2  g's  and  starting  at  6  g's,  apply  the  vibration  and 
temperature  treatments  and  conduct  the  waterproof ness  test  on  one  new, 
unused  item.  If  the  item  does  not  fail,  increase  the  g-level  one  increment 
and  again  test  one  new,  unused  item.  Continue  this  process  of  increasing  the 
g-level  one  increment  at  a  time  and  testing  one  new,  unused  item  at  each  g-level 
until  the  first  failure  is  obtained.  Then  reverse  the  process  by  decreasing 
the  g-level  one  increment  at  a  time  and  testing  one  new,  unused  item  at  each 
g-level  until  an  item  successfully  passes  the  waterproof ness  test.  Repeat  the 
process  of  increasing  the  g-level  to  failure  and  decreasing  the  g-level  to 
success,  until  at  least  12  items  have  been  made  to  fail  in  this  manner. 
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level 


Ordinarily  the  Bruceton  method  would  not  be  used  for  this  test. 
Since  the  result  of  each  test  must  be  known  before  the  next  test  can  be 
run,  this  method  would  consume  far  too  much  time.  It  is  used  here  for 
demonstration  purposes  only.  In  practice  the  Two-stimuli  method  should 
be  used  for  a  test  of  this  kind,  since  several  of  the  tests  could  be  con¬ 
ducted  concurrently  with  a  considerable  saving  of  time. 

Record  the  results  in  graphic  form  for  convenience  and  count  the 
number  of  failures  obtained  at  each  g-level.  The  following  can  be  used  as 
an  example  of  the  type  of  observed  data  that  could  be  obtained: 

Diagram  Number  I  Distribution  of  failures 

1 
2 

5 
3 
1 

Total  “12 

where : 

+  =  Success. 

O  »  Failure. 

6  . 

Calculate  the  avereige  (x)  and  standard  deviation  (s)  of  the  failure  rate  as 
follows  (ref.  3)  • 
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Where 


k  =  Kimbcr  of  g-lcvols  over  which  the  failures  arc  d5.stributed. 
f  =  Observed  frequency  of  failui'c. 

X  =  Code  numbers  used  for  ease  of  calculation, 

X  =  y'  +  d  (A/N  -  1/2) 

S  =  1.62  d  ^  -  +  .029^ 


Wi.erc : 


yl  =  Lowest  level  at  which  a  failure  is  obtained, 
d  =  2  c'vS.  -  the  increment  used. 

N  =  Total  number  of  failui’os. 

This  formula  for  the  standard  deviation  is  an  approximation  which  is  quite 

accurate  when  V  exceeds  0,3. 

N 


Using  these  formulas  and  the  obsorved  data,  the  average  and 


itandard  deviation 

for  the  above  example 

can  be  calculated 

as  follows; 

f 

X 

fx 

fx^ 

1 

4 

4 

16 

2 

3 

6 

18 

5 

2 

10 

20 

3 

1 

3 

3 

1 

0 

0 

0 

N  =  12 

A  =  23 

B  =  57 
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Xg  =  14  +  2(23/12  -  1/2)  =  16.8  g's 


=  1.62  X  2 


12  X  57  -  (23) 
(12)* 


+  0.029  =  3.58  g's 


The  cuiaulativo  frequency  of  the  observed  failiore  distribution 
plotted  on  linear  probr.bility  paper  closely  approximates  a  straight  line. 

From  this  it  can  be  concluded  that  the  assumption  of  normality  is  svif- 
ficicntly  valid  for  use  as  a  basis  to  predict  tho  expected  roliability- 
in-uso . 

Therefore,  the  point  estimate  for  the  (waterproof ness)  reliability- 

in-use  can  be  calculated  as  follows: 

A 

R  =  1  -  P 


Whore: 

P  =  The  probability  of  f ail\ire-in-usc . 

The  probability  of  failurc-in-uso  can  be  measured  by  the  area 
under  the  normal  curve  associated  with  the  Z-value  calculated  as  follows: 


Z  = 


(X,  -  X,)  -  (M,  -  Mg) 


When:  X|  ^  Xj  a  fail\u*c  is  obtained. 


yTfTTf 

Whore: 

X|  =  Any  stress  value. 

Xz  =  Any  strength  value. 

M|  =  True  mean  of  the  stress  distribution. 
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M2  =  True  moan  of  the  strength  distribution, 
a, 2  =  True  variance  of  the  stress  distribution, 

~  True  variance  of  the  strength  distribution. 


=  Safety  margin. 


The  relation  between  the  safety  margin  and  a  measTire  of  probability 
is  shown  above.  If  the  product  of  the  safety  margin  and  the  average  stress 
in  use  is  divided  by  ^  ^.z  ,  we  have  a  measure  of  probability  - 

the  standard  deviate. 

Graphically,  the  relationship  between  the  test  conditions  and  use 
condition  can  be  depicted  as  follows: 

Diagi  am  Ihmibcr  II 

Use  condition  Test  condition 

Stress  Strength 


Xj  Xg  X|  X2 


’.iJhere ; 

The  horizontal  axis  represents  the  g-forees  increasing  to  the 
right.  The  boll  shaped  exirve  represents  the  distribution  of  g-forees 
under  the  use  condition  (the  stress  e\uve). 

The  S-shaped  curve  represents  the  distribution  of  failures  under 
the  test  condition  obtained  by  the  Brueeton  method  (the  strength  curve). 
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When: 


X|  =  4  g's  -  an  estimate  of  the  true  average  stress. 

S(  =  2  g's  -  an  estimate  of  (J^  the  true  standard  deviation  of  the  stress. 

Xg  =  l6.8  g's  -  an  estimate  of  the  true  average  strength  (the  50 
percent  point  on  the  strength  curve.) 

Sg  -  3.48  g's  -  an  estimate  of  0^  ,  the  true  standard  deviation  of  the 
strength. 

X|  =  any  stress  value. 

Xg  =  any  strength  value. 

From  the  above,  the  average  (point  estimate)  reliability-in-use 
cam  be  calculated  as  follows: 

Xg-  X, 


T  > 


16.8  -  4.0 

^(3.58)2  +  (2)2 


3.12 


From  Appendix  3G  the  probability  of  a  failure-in-use  associated  with  this  T-vali 

A 

is:  P,  <  0.00090. 

Reliability  Point  Estimate: 

^  >  1-0.00090  >  0.99910 


The  lower  confidence  limit  for  the  one  sided  95  percent  confidence  level  can 
be  calculated  as  follows: 

The  95  percent  single  sided  lower  confidence  limit  of  the  average 

strength : 

Xg  -  - -  (see  ref.  3) 
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Where: 


Xg  =  16.8  -  the  observed  average  strength. 

t  =  1,80  -  the  t-value  associated  vjith  the  single  sided  95  percent 
confidence  level  and  eleven  (n^-l)  degrees  of  freedom  found  in  Appendix 
3F. 

S2  =  3.58  -  the  standard  deviation  of  the  sti'ongth. 

ng  =  12  -  the  sample  size  used  to  determine  the  strength. 

Then  the  95  percent  single  sided  lower  confidence  limit  for  the 
strength  is: 

16.8  -  h:?^3,58i  ^ 

The  lower  bound  of  the  reliability  in-usc  can  be  calculated  as  follows: 

Tp  >  ~ 

^3.58?+ (2)^ 

T2>2,67 

The  probability  of  a  failurc-in-use  associated  with  this  T-value  (appendix 
3G)  is: 

P  <  0.0038 

The  lower  bound  of  the  rcliabillty-in-uso  is: 

R  >  1  -  0.0038  >  0.9962 
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These  values  are  the  predicted  reliabilities-in-use.  They 
have  been  demonstrated  with  a  total  of  62  items  (32  in  the  factorial  ex¬ 
periment  and  30  in  the  Bruceton  up-and-down  method).  To  demonstrate  this 
reliability  by  doing  all  of  the  testing  at  the  use  condition,  would  require  that 
786  items  be  tested  without  a  single  failure. 

b.  Two-stimuli  method.  The  results  of  the  factorial  experiment 
described  above  can  also  be  used  to  exemplify  this  method  of  predicting  re¬ 
liability-in-use.  Beginning  at  one  increment  (one  standard  deviation)  above 
the  average  use-condition,  the  g-level  can  be  increased  one  increment  at  a 
time  (as  in  the  Eraceton  method)  until  the  first  failure  is  obtained.  The 
proportions  of  failures  at  this  point  and  at  a  point  three  increments  above 
this  point. are  as  follows: 

Proportions 
g-level  of  failures 

12.0  1/10 

18.0  6/10 

This  method  (under  these  conditions)  required  a  total  of  23  test  specimens  - 
3  before  obtaining  the  first  failure  and  10  at  each  of  the  two  points  on  the 
curve. 

Calculate  the  average  (h)  and  the  standard  deviation  (S)  of  the  failxire 
rate  as  follows  (ref.  lO):  H  =  X|  +  d  (H)' 

S  >  d  s' 
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VJhere; 


X|  =  12  g's  the  weal:er  stlraulus. 

P|  =  0.10,  the  proportion  of  failures  at  12  g's. 

Pj  =  0.60,  the  proportion  of  failures  at  l8g's. 

d  =  6  g's  (l8  -  12  g's)  the  increnent  used. 

xl'  =  O.835OJ  the  factor  associated  with  Pj  and  p^  in  table  II  of 
ref.  10  for  calculating  the  average. 

S*  =  0.6515^  the  factor  associated  with  P|  and  p^  in  table  II  of 
ref.  10  for  calculating  the  standard  deviation. 

W  =  Average  (50  percent  point)  of  the  failure  distribution  (strength) 
curve. 

S  =  Standard  deviation  of  the  failure  distribution  (strength)  curve. 

Wlien; 

H  =  12.0  +  6.0  (0.8350)  =  17.0  g's. 

S  =  (0.6515)  =  3-9  6's. 

These  same  values  can  be  obtained  grapliically  by  sin^jly  plotting 
the  proportion  of  failures  versus  the  corresponding  g-forces  on  linear  prob¬ 
ability  paper.  The  average  is  the  g-force  corresponding  to  the  50  percent 
point,  and  the  standard  deviation  is  the  slope  of  the  line  thru  the  two  points, 
or  is  the  difference  between  the  g-forces  corresponding  to  the  16  and  50  per¬ 
cent  points. 

Using  these  values  for  the  average  and  standard  deviation,  the  point 
estimate  and  lower  confidence  limit  for  the  (v;aterproofness)  reliability-in-use 
can  be  calculated  as  in  the  exan5)les  for  the  Bruceton  method. 
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APPENDIX  2 


GLOSSARY  OF  TEHMS 


Attribute 

A  qualitative  characteristic  (such  as  acceptable  or  rejectionable, 
success  or  failure,  rusted  or  not  rusted,  wet  or  dry,  black  or  white, 
miss  or  hit),  which  can  have  two  or  more  categories. 

Attribute  data 

Data  denoting  a  qualitative  characteristic.  Hiis  type  of  data 
can  have  only  discrete  values  and  is  derived  by  counting  the  ntimber 
of  times  each  category  occiirs,  such  as,  four  failiires  and  six  successes. 

Beat  Estimate 

An  estimator  is  said  to  give  the  "best  estimate"  of  the  true  popvilation 
parameter  if  it  complies  with  the  following  requirements  which  are  taken 
as  the  definition  of  the  wort#  "best": 

A.  .  The  average  of  all  possible  values  of  the  estimator  equals 
the  true  population  parameter. 

B.  In  any  particular  case  the  deviation  of  the  estimator  from  the 
true  population  parameter  is  less  than  any  other  possible  estimator. 
Binomial  data 

Attribute  data  that  has  only  two  categories  or  only  two  possible 
outcomes  such  as  success  and  failure. 

Blocking 

In  experimental  design,  a  block  is  a  homogeneous  group  of  items, 
all  treated  under  controlled  conditions  such  as  by  the  same  operator. 
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th«  same  calibration  of  the  measuring  instrument,  or  the  same  short 
period  of  time.  The  purpose  of  blocking  is  to  reduce  the  effect  of  the 
heterogeneity  of  material  and  changing  conditions  ly  dividing  the 
exporlment  into  rational  subdivisions. 

Confidence  interval 

The  range  of  values  within  which  the  true  population  parameter  (mean 
or  standard  deviation)  is  expected  to  lie.  The  confidence  level 
associated  with  this  interval  is  a  probability  statement  expressing 
the  proportion  of  the  time  the  true  value  is  expected  to  bo  within  the 
intojTval. 

Confidence  level 

The  confidence  level  is  the  probability  of  being  right  in  our 
predictions  or  conclusions.  This  value  is  equal  to  one  minus  the 
error  of  the  first  kind.  The  magnitude  of  this  error  that  can  be  tolerated 
shoiold  be  established  during  the  planning  stage  of  the  experiment  (prior 
to  data  collecting)  based  on  the  consequences  of  being  wrong  and  thereby 
establish  the  confidence  level. 

Confounding 

Vfhen  certain  comparisons  can  be  mado  only  for  treatments  in 
combination  and  not  for  separate  treatments,  those  treatment  effects 
are  said  to  be  confounded.  Conclusions  drawn  about  the  separate  effects 
in  this  case  will  bo  ambiguous.  Confounding  is  of ton  a  deliborate  feature 
of  the  experimental  design  but  may  arise  from  inadvertent  imperfections. 
Criterion 

The  measurable  charactoristic  used  to  evaluate  the  treatment 
effects.  Criteria  can  also  bo  considered  as  the  dependent  variables 
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used  as  a  standard  of  reference  to  distinguish  between  the  independent 
variablo  effects.  Velocity,  functioning  time,  voltage,  rate  of  detonation, 
etc.,  can  bo  criteria. 

Dogroos  of  freedom 

The  number  of  degrees  of  freodom  is  equal  to  the  number  of  indepenient 

observations  minus  the  niimbcr  of  parameters  (such  ns  tho  mean)  estimated. 

That  is_, degrees  of  freedom  usually  equal  the  sample  size  minus  one.  In 

computing  tho  variance  for  example,  only  (n-l)  of  the  deviations  from  the 

th 

mean  can  bo  independent.  The  n  deviation  has  to  be  restricted  in  order 
to  make  the  sum  of  all  "n"  deviation  total  zero. 

Effect 

In  statistics  the  moaning  of  the  \Jord  effect  is  synonomous  with 
the  vjord  difference.  A  treatment  effect  is  the  difference  caTosed  by  the 
treatment,  such  as  the  diffei'once  in  the  measured  results  before  and  after  the 
treatment . 

Efficiency 

An  estimator  or  an  experimental  design  is  said  to  be  efficient  if  a 
given  precision  can  be  obtained  with  a  smaller  sample  size  or  with  loss 
time  and  cost. 

Error 

Chance  variations  are  considered  errors  in  statistics.  Deviations 
from  the  expected  value,  duo  to  chance,  form  the  familiar  boll  shaped 
normal  curve.  This  is  sometimes  called  the  normal  cui'vo  of  error.  Error 
in  tho  statistical  sense  does  not  imply  that  a  mistake  has  boon  made. 
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Error  mean  sgtiare 


The  error  mean  square  is  the  variance  and  is  also  the  square  of 
the  standard  deviation.  It  is  calculated  by  finding  the  sum  of  the  squares 
of  the  deviations  of  the  individual  sample  values  from  their  mean  and 
dividing  by  the  number  of  degrees  of  freedom. 

Error  of  estimate 

The  difference  between  an  estimated  value  and  the  true  value. 

Error  of  first  kind 

If,  as  a  result  of  a  statistical  test,  the  null  hypathesis  is  re¬ 
jected  when  it  is  true,  then  it  is  said  that  an  error  of  the  first  kind 
is  committed.  This  type  of  error  is  also  called: 

a.  The  alpha  error. 

b.  The  producer's  risk, 

c.  The  risk  of  rejecting  good  material. 

The  magnitude  of  this  error  should  be  established  from  the  consequences 
of  being  wrong  and  controlled  at  that  level  by  calculating  the  required 
sample  size. 

Error  of  observation 

An  error  of  observation  arises  from  imperfections  in  the  method  of 
measurement  or  from  human  mistakes. 

Error  of  second  kind 

If,  as  a  resvilt  of  a  statistical  test,  the  null  hypothesis  is 
accepted  when  it  is  false,  then  it  is  said  that  an  error  of  the  second 
kind  is  committed „  This  type  of  error  is  also  called: 
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Ho  The  beta  error. 


b.  The  consvmer's  risk. 

c.  The  risk  of  accepting  poor  niaterial. 

After  the  error  of  the  first  kind  has  been  established  5  the  error  of  the 
second  kind  is  controlled  by  the  sample  size.  This  error  is  very 
important  in  Ordnance  work  because  it  controls  the  probability  of  accepting 
poor  material. 

Estimate 

An  estimate  is  the  particular  value  obtained  by  an  estimator  in 
a  given  set  of  circumstances. 

£stimator 

An  estimator  is  the  method  of  estimating  a  constant  of  a  parent 
population.  It  is  usually  expressed  as  a  function  of  sample  values  (such 
as  the  average)  and  therefore  is  a  variable. 

Experimental  error 

iixperimental  error  is  the  chance  variation  to  be  expected  under 
controlled  conditions.  It  is  not  the  result  of  mistakes  in  experimental 
design  or  avoidable  imperfections  in  technique. 

Exper:imental  unit 

An  experimental  unit  is  the  smallest  subdivision  of  the  experimental 
material  that  can  receive  different  treatments  in  the  actrial  experiment. 

It  is  also  known  as  a  test  specimen. 

Factor 

A  factor  is  a  quantity  under  examination  (in  an  experiment)  as 
a  possible  cause  of  variation.  In  practice  the  terms  factor,  treat¬ 
ment,  and  variable  are  loosely  used  interchangeably  in  this  sense. 
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Factorial  experiment 


An  experiment  which  investigates  all  of  the  possible  treatment 
combinations  that  may  be  formed  from  the  factor  versions  tinder  investigation. 
Fractional  factorial  experiment 

This  is  a  fractional  part  of  a  factorial  experiment.  When  three  or 
more  factors  are  used  in  a  factorial  experiment  only  a  fractional  part 
(l/2j  1/45  1/8)  of  the  total  number  of  possible  combinations  need  be  used 
if  certain  of  the  interactions  can  be  considered  negligible.  This  device 
can  be  resorted  to  without  loss  of  efficiency  when  the  number  of  factors 
to  be  investigated  makes  the  full  factorial  so  large  that  it  is  impractical 
to  use. 

Hypothesis 

A  hypothesis  is  a  contention  based  on  preliminary  observation  of 
what  appears  to  be  fact.  It  is  the  prediction  derived  from  past  experience 
that  is  to  be  verified  or  rejected  by  experimentation.  Natural  "laws" 
are  hypothesis  which  have  been  subjected  to  various  tests  and  have  been 
accepted.  In  statistical  tests  two  hypothesis  are  used: 

a.  The  null  hypothesis  is  a  hypothesis  of  "no  difference." 

This  is  the  assvimption  that  the  contemplated  changes  will  make  no  difference. 
This  hypothesis  is  formulated  for  the  express  purpose  of  being  rejected 
in  the  process  of  controlling  the  error  of  the  first  kind. 

b.  The  alternative  hypothesis  is  the  operational  statement  of  the 
experimenter's  prediction.  It  is  the  positive  statement  that  the  changes 
will  make  a  detectable  difference.  If  the  resultant  data  reject  the  null 
hypothesis  the  alternative  hypothesis  will  be  accepted. 
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Independence 


Measurements  are  independent  if  the  taking  cf  one  does  not  effect 
any  of  the  others»  That  iSj,  there  is  no  correlation  among  themo  Treat¬ 
ment  effects  are  said  to  be  independent  if,,  in  an  orthogonal  experiment, 
there  is  no  interaction. 

Interaction 

Interaction  is  a  measure  of  the  extent  to  which  the  effect  of 
changing  the  level  of  one  factor  epends  on  the  level  of  another 
factor.  Interaction  is  said  to  be  present  when  a  certain  particular 
combination  of  treatments  produces  'unusiial  (unpredictable)  results. 

Only  factorial  type  experiments  can  measure  interaction  effects. 

Levels 

The  level  of  a  factor  (or  treatment)  denotes  the  intensity  with 
which  it  is  used  or  applied.  Levels  of  a  factor  may  be  either  qualitative, 
such  as  presence  and  absence  of  the  treatment,  or  the  levels  may  be 
qxiantitative,  such  as  the  number  of  volts  applied. 

Main  effects 

A  mam  effect  Is  the  average  difference  (s)  between  (or  among) 
the  levels  of  a  variable  or  treatment  when  averaged  over  all  of  the  ether 
treatments  which  form  a  part  of  the  same  orthogonal  experiment.  If 
significant  interaction  effects  are  present,  care  must  be  taken  in  stating 
the  main  effects.  In  such  cases  the  level  of  the  interacting  treatment 
associated  with  the  stated  main  effect  roust  also  be  stated. 
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Normal  distribution 


The  physical  appearance  of  a  normal  distribution  is  the  familiar 
bell-shaped  curve.  A  normal  distribution  can  not  be  represented  by  only  a 
single  cui^e.  It  is  actually  a  family  of  curves  whose  areas  under  them 
are  distributed  in  a  very  specific  manner,  A  normal  cia*vo  has  the 
following  properties: 

a.  Continuous. 

b.  Symetrlcal, 

c.  Unimodal. 

d.  Asymptotic  to  x-axis. 

e.  Completely  described  by  the  mean  and  standard  deviation, 

f.  The  distance  between  the  ordinate  of  the  mean  and  the 
inflection  point  on  either  half  of  the  curve  is  equal  to  the  standard 
deviation. 

g.  The  area  included  between  the  ordinates  drawn  thru  the  two 
Inflection  points  equals  68.27  percent  of  the  total  area  under  the  curve. 
Parameter 

A  parameter  is  a  quantity  such  as  the  mean  or  standard  deviation, 
calculated  from  a  population.  The  population  mean  and  standard  deviation 
are  parameters  and  as  such  are  constants.  In  actual  practice  parameters 
are  usvially  unknown. 

Point  estimate 

This  is  one  of  the  two  principal  bases  of  estimation  in  statistical 
analysis.  Point  estimation  endeavors  to  give  the  best  single  estimated 

veJ.ue  of  a  parameter,  as  compared  with  Interval  estimation  which  specifies  a 
range  of  values.  Since  a  point  estimate  includes  an  error  of  measurement. 
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the  difference  between  a  point  and  an  interval  is  not  always  clear.  In 
interpretation  they  often  amount  to  the  same  thing. 

Population 

A  population  is  any  set  of  individuals  or  objects  having  some  coEBnon 
observable  characteristic.  Ihe  term  population  may  refer  either  to 
the  individuals  measiired  or  to  the  measurements  themselves.  A  population 
is  usually  considered  to  consist  of  an  infinite  number  of  individuals. 

The  ciurve  of  the  normal  distribution  graphically  represents  a  population. 
Precision 

Precision  is  a  property  of  the  measuring  systeji  and  refers  to 
the  ability  of  the  system  to  reproduce  previous  results.  Precision 
should  be  distinguished  from  accuracy  which  refers  to  the  magnitude 
of  the  difference  between  the  observed  values  and  the  true  value  of 
the  characteristic  being  measured.  Precision  should  also  be 
distinguished  from  the  sensitivity  of  the  measiuring  system  which  is 
the  ability  of  the  system  to  detect  actual  variations  that  occur.  An 
insensitive  system  will  give  the  false  impression  of  high  precision  (small 
variation). 

Probability 

In  applied  statistics  probability  can  be  considered  a  relative 
frequency  or  a  simple  proportion.  Probability  is  the  relative  frequency 
of  events  in  a  very  long  sequence  of  trials.  For  example,  the 
probability  of  a  particular  coin  falling  heads  up  is  the  ratio  of  the 
number  of  heads  occuring  to  the  total  number  of  trials  in  a  sequence  of 


131 


trials.  In  somevhat  similar  fashion  a  normal  distribution  can  be  formed 
from  a  very  large  body  of  data.  As  o  result,  the  area  under  the  normal 
curve  is  used  as  a  meas^Ire  of  probability. 

Randomization 

Ihe  word  randomization  has  a  very  special  technical  meaning  in 
statistics.  It  means  rearranging  a  group  of  items  or  numbers  into  a 
series  or  sequence  having  no  recognizable  pattern.  The  essential  feature 
of  randomization  is  that  it  should  be  an  objective  impersonal  procedure. 
Whether  or  not  proper  randomization  has  been  Obtained  should  not  be 
determined  by  an  examination  of  the  individuals  randomized,  but  rather  by 
examining  the  properties  of  tho  procedure  by  which  randomization  was 
accomplished.  The  objectives  of  randomizing  are  as  follows: 

a.  To  give  :.he  laws  of  chance  free  play. 

b.  To  give  every  possible  sequence  an  eqtMlly  likely  chance  of  occur¬ 
ring. 

c.  To  assure  that  adjacent  individxuls  are  completely  independent. 

d.  To  remove  biases  of  any  kind. 

e.  To  prevent  eyttematic  error. 

Heliability 

In  missile  technology  reliability  is  the  probability  of  success 
in  performing  a  specified  function,  xmder  a  specified  condition,  for 
a  specified  length  of  time,  and  after  a  specified  period  of  time.  From 
this  it  is  clear  that  any  particular  component  can  have  many  reliability 
values  simultaneously-one  for  every  possible  combination  of  function, 
condition,  and  time. 
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Replication 


Replication  is  the  performance  of  an  experiment  in  its  entirety 
one  or  more  times.  Two  or  more  replications  are  usually  for  the  purpose 
of  obtaining  an  independent  measure  of  the  sampling  or  experimental  error. 
Replication  should  be  distinguished  from  repetition,  in  that,  replication 
means  repetition  carried  out  under  the  same  conditions,  at  the  same  time, 
by  the  same  operators,  with  the  same  Instruments,  and  with  the  same 
homogeneous  material.  A  replication  is  sometimes  considered  a  block. 
Sample 

Any  finite  subset  of  a  population  is  a  sample  of  that  population. 
Sample  size 

The  sample  size  is  the  niunber  of  items  or  individual  values 
in  the  sample. 

Standard  deviation 

a.  Definition  The  standard  deviation  is  a  measure  of  the  variation 
among  the  individual  values  in  a  sample  and  a  measure  of  the  dispersion 
among  the  individual  values  in  a  frequency  distribution.  It  is  the  most 
efficient  measure  of  precision  and  is  designated  by  the  lower  case  letter 
"s".  This  value  is  large  for  large  variations  (poor  precision)  and 
small  for  small  variations  (good  precision).  Although  the  word  "error" 
is  sometimes  used  in  referring  to  the  standard  deviation  or  its  square 
(the  variance)  these  values  can  measure  only  precision  in  the  true  sense 
of  the  word.  They  do  not  measure  accuracy. 

If  the  term  standard  deviation  is  stated  alone  and  not  PX)dified  or 
otherwise  qualified  by  an  accompanying  word  or  phrase,  it  is  understood 
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that  the  terin  refers  to  the  standard  deviation  of  the  individual  sample 
measurements.  Ihis  value  can  be  calculated  from  the  sample  data  and  is  a 
variable. 

There  are  two  additional  kinds  of  standard  deviations: 

1.  The  population  standard  deviation  which  is  a  con¬ 
stant  and  cannot  be  calculated  from  the  sample  data.  This  value 

is  designated  by  the  small  Greek  letter  sigma  and  is  usually  considered 
unknown  unless  a  very  large  body  of  data  is  collected  to  measure  it  or 
unless  it  is  assigned  a  value  as  in  a  specification  requirement. 

2.  The  standard  deviation  of  the  mean  is  a  measure  of 
the  variation  among  several  sample  averages.  This  value  can  be 
calculated  from  sample  data  and  it  is  a  variable.  It  is  usually 
designated  by  the  lower  case  letter  "s"  with  the  subscript  J.  If 
all  of  the  sample  sizes  are  equal  this  value  can  be  calculated  by 
dividing  the  standard  deviation  of  the  individual  sample  values  by 
the  square  root  of  the  number  of  individual  values  in  each  of  the 
samples. 

b.  Calculation  of  the  standard  deviation  for  variable  type 

data  ; 


m 


wnere : 


s  =  Sample  standard  deviation  of  the  individual  values, 
i  =  n 

This  symbol  means  to  add  all  of  the  "n'’  quantities 
i  =  1  designated  by  the  parentheses.  It  is  read:  sum 
from  i=l  to  i=n. 

X  =  Sample  average. 

=  Any  one  of  the  "n"  values  that  make  up  the  sample, 
n  =  Sample  size  or  the  number  of  individual  values  that 
make  up  the  sample. 

(n-l)»  Nimber  of  degrees  of  freedom  associated  with  the  standard 
deviation. 

s2  s  Sample  variance  of  the  individual  values. 
s//a  *  Sample  standard  deviation  of  the  mean  (sjj). 

Statistic 

A  statistic  is  a  summary  value  calculated  from  a  sample  of 
values.  The  sample  meem  is  a  statistic  emd  as  such  is  a  variable, 
not  a  constant. 

Statistical  significance 

A  difference  or  eui  effect  is  said  to  be  statistically  significant 
if  it  is  greater  than  that  expected  due  to  chance  alone. 

If  the  probability  (chance)  is  very  small  that  a  value  came  from  a 
particular  population,  the  difference  between  that  value  and  the  mean  of 
the  population  is  said  to  be  statistically  significant. 
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Statistics 


The  subject  of  statistics  li  the  science  of  collecting,  analyzing, 
and  interpreting  nuBerlcal  data. 

Treatment 

In  experimentation,  a  treatment  is  a  stimulus  which  is  applied 
in  order  tb  observe  the  effect  on  the  experimental  situation,  k  treatment 
may  refer  to  a  physical  substance,  a  procediire, or  anything  which  is 
capable  of  controlled  application.  In  statistical  parlance  a  treatment  is 
the  variable  being  studied  or  the  experimental  condition. 

True  value 

The  true  value  is  another  expression  for  a  population  parameter 
such  as  the  population  mean  or  standard  deviation.  Ihe  true  value  can 
also  be  the  expected  value  or  the  theoretical  value. 

Validation 

Validation  is  a  procediire  which  provides,  by  reference  to  independent 
sources,  evidence  that  an  inq\d.ry  is  free  from  bias,  or  otherwise  conforms 
to  its  declared  purpose.  In  statistics  it  is  usually  applied  to  a 
sample  investigation  with  the  object  of  showing  that  the  sample  is 
reasonably  representative  of  the  population  and  that  the  information 
collected  is  accurate. 

Variable 

A  variable  is  any  quantity  or  measurable  characteristic  which 
varies.  More  precisely  in  statistics  a  variable  is  any  quantity  which 
can  have  any  one  of  a  specified  set  of  values. 


Variable  data 


Variable  data  is  a  term  used  to  describe  a  type  of  data  that  can 
vary  on  a  continuous  scale  from  zero  to  infinity.  Weight  in  pounds, 
length  in  feet,  E.M.F.  in  volts,  and  temperature  in  degrees  are  variable 
type  data. 

Variance 

Variance  is  a  measure  of  variation  in  a  sample,  or  dispersion  in  a 
frequency  distribution.  The  variance  is  equal  to  the  sqiiare  of  the 
standard  deviation. 
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Appendix  3A 
Table  I 

Minimum  contrasts  95^  (two  sided)  Test 
K  =  total  number  of  trials  In  each  sample. 


N  No.  of  A's  In  Sample  (l)/Ho.  of  A's  In  Sample  (2) 


4 

0/4 

1/- 

5 

0/4 

1/5 

2/- 

6 

0/5 

1/6 

2/- 

7 

0/5 

1/6 

2/7 

3/- 

8 

0/5 

1/6 

2/7 

3/8  4/- 

9 

0/5 

1/6 

2/8 

3/8  4/9  5/- 

10 

0/5 

1/7 

2/8 

3/9  4/10  5A0  6/- 

11 

0/5 

1/7 

2/8 

3/9  4/10  5A1  6/11  7/- 

12 

0/5 

1/7 

2/8 

3/9  4/10  5/11  6/12  7/12  &/- 

13 

0/5 

1/7 

2/8 

3/9  4/10  5/11  6/12  7/13  8/13  9/- 

U 

0/5 

lA 

2/8 

3/10  4/11 

5/12 

6/12 

7A3 

8/U 

9/U 

10/- 

15 

0/5 

1/7 

2/9 

3/10  4/11 

5/12 

6/13 

7/U 

8/U 

9A5 

10/15 

11/- 

16 

0/5 

1/7 

2/9 

3/10  4/11 

5/12 

6/13 

7/14 

8A5 

9A5 

10A6 

11/16 

12/- 

17 

0/5 

1/7 

2/9 

3A0  4/11 

5/12 

6A3 

7/U 

8A5 

9/16 

10A6 

UA7 

12A7 

13/- 

• 

18 

0/5 

1/7 

2/9 

3Ao  4/11 

5/12 

6A3 

7/U 

8/15 

9/16 

10/17 

UA7 

12A8 

13/18  U/- 

19 

0/5 

1/7 

2/9 

3Ao  4/11 

5/12 

6/U 

7/U 

8/15 

9A6 

10A7 

11A8 

12/18 

13A9  UA9 

15/- 
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Appendix  3A 
Table  1  (Continued) 

Minimum  contrasts  95%  (two  sided)  Test 
N  =  total  number  of  trials  in  each  sample. 

N  No.  of  A' 8  in  Sample  (l)/^o.  of  A'u  in  Sample  (2) 

20  0/5  1/7  2/9  3/10  4/11  5/13  6/14  7/l5  8/16  9A6  10/17  11/18  12/19 

13/19  14/20  15/20  16/- 

30  0/6  1/8  2/9  3/11  4/12  5/13  6A5  7/16  8/17  9A8  10A9  16/25  17/25 

20/28  21/28  23/30  24/30  25/- 

40  0/6  1/8  2/9  3/11  4/12  5/14  6/15  7/l6  8/l8  9A9  10/20  23/33  24/33 

27/36  28/36  30/38  31/38  33/40  34/40  35/- 
50  0/6  1/8  2/10  3/11  4/13  5/14  6/15  7/17  8/l8  9/19  10/20  11/22  29/40 

30/40  34/U  35/44  38/47  39/47  41/49  42/49  44/50  45/- 
60  0/6  y8  2/10  3/11  4A3  5/14  6/l6  7/17  8/l8  9/20  10/21  11/22  12/23 

13/24  14/26  35/47  36/47  41/52  42/52  45/55  46/55  48/57  49/57  51/59 
52/59  53/60  54/60  55/- 

70  0/6  1/8  2A0  3/il  4/13  5/l4  6/16  7A7  8/18  9/20  10/21  11/22  12/23 

13/25  18/30  19/32  20/33  39/52  40/52  46/58  47/58  51/62  52/62  55/65 
56/65  58/67  59/67  61/69  62/69  63/70  64/70  65/- 
80  0/6  1/8  2/10  3/11  4/13  5/U  6/16  7/17  8/19  9/20  10/21  11/22  12/24 

13/25  14/26  15/27  16/29  23/36  24/38  43/57  44/57  52/65  53/65  57/69 
58/69  62A3  63A3  65/75  66/75  68/77  69/77  71/79  72/79  73/80  74/80 
75/- 
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Appendix  3A 
Table  1  (Continued) 

Minimun  contrasts  95$  (two  sided)  Test 
N  ::  total  number  of  trials  in  each  sample. 

N  No 0  of  A* s  in  Sample  (l)/  No.  of  A's  in  Sample  (2) 

90  0/6  1/8  2/10  3/11  4/13  5/U  6/l6  7/l7  8/19  9/20  lC/21  11/23  12/24 

13/25  U/26  15/28  20/33  21/35  31/45  32/47  44/59  45/59  56/70  57/70 

63/76  64/76  68/80  69/80  72/83  73/83  75/85  76/85  78/87  79/87  81/89 

82/89  83/90  84/90  85/- 

100  0/6  1/8  2/lC  3/11  4/13  5/15  6/l6  7/17  8/l9  9/20  10/21  11/23  12/24 

13/25  14/27  18/31  19/33  25/39  26/41  60/75  6l/75  68/82  69/82  74/87 

75/87  78/90  79/90  82/93  83/93  86/96  87/96  88/97  89/97  91/99  92/99 

93/100  94/100  95/- 

150  0/6  1/8  2/10  3/12  4/13  5/15  6/l6  7/l8  8/l9  9/20  10/22  11/23  12/24 

13/26  14/27  15/28  16/30  19/33  20/35  25/40  26/42  32/48  33/50  41/58 
42/60  91/109  92/109  101/118  102/118  109/125  110/125  116/131  117/131 
121/135  122/135  125/138  126/138  129/141  130/141  133/144  134/144 

136/146  137/U6  139/U8  140/U8  Ul/149  142/149  143/150  144/150  145/- 

200  0/6  1/8  2/10  3/12  4/l3  5/l5  6/l6  7/18  8/19  9/21  10/22  11/23  12/25 

13/26  14/27  15/29  18/32  19/34  22/37  23/39  27/43  28/45  33/50  34/52 
41/59  42/61  51/70  52/72  65/85  66/87  lU/135  115/135  129/U9  130/149 
140/159  141/159  149/167  150/167  156/173  157/173  162/178  163/178 

167/182  168/182  172/186  173/186  176/189  177/189  180/192  181/192 

183/194  l8Vl9^  186/196  187/196  189/198  igO/198  191/199  192/099 

193/200  194/200  195/- 


Appendix  A 
Table  1  (Continued) 

Mlnimun  contrasts  95jS  (two  sided)  Test 
N  =  total  nitnber  of  trials  In  each  sample. 

N _ No.  of  A'a  In  Sample  (l)/  No.  of  A's  In  Sample  (2) _ _ 

300  0/6  1/8  2/10  3/12  4/13  5/15  6/l6  7/18  8/19  9/21  10/22  11/24  12/25 

13/26  14/28  15/29  16/30  17/31  18/33  19/34  20/35  21/37  24/40  25/42 
29/46  30/48  35/53  36/55  41/60  42/62  48/68  49/70  56/77  57/79  66/88 
67/90  78/101  79/103  95/119  96/121  I80/205  181/205  198/222  199/222 
211/234  212/234  222/244  223/244  231/252  232/252  239/259  240/259 
246/265  247/265  253/271  254/271  259/276  260/276  264/280  265/28O 
268/283  269/283  273/287  274/287  277/290  278/290  280/292  281/292 
283/294  284/294  286/296  287/296  289/298  290/298  291/299  292/299 
293/300  294/300  295/- 
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Appendix  3A 
Table  2 

Minimun  contrasts  99%  (two  sided)  Test 
N  =  total  number  of  trials  in  each  sample 
K).  of  A*s  in  Sample  (1)/  No.  of  A's  in  Sample  (2) 

0/5  1/- 
0/6  1/- 
0/6  1/7  2/- 
0/6  1/8  2/8  3/- 
0/6  1/8  2/9  3/9  4/- 
0/7  1/8  2/9  3/10  4/- 
0/7  1/8  2/9  3/10  4/11  5/- 
0/7  1/8  2/10  3/11  4/11  5/12  6/- 
0/'’  1/9  5/13  6/13  7/- 
0/7  1/9  6/U  7/U  8/- 
C/'’  1/9  7/15  8/15  9/- 

C/7  1/9  2/10  3/12  4/13  5/U  6/U  8/l6  9/16  10/- 

0/7  1/9  2/11  7/16  8/16  9/17  10/17  11/- 

0/7  1/9  2/11  8/17  9/17  10/18  ll/l8  12/- 

0/7  1/9  2/11  9/18  10/18  11/19  12/19  13/- 

0/7  1/9  2/11  4/13  5/15  6/16  7/16  10/19  11/19  12/20  13/20  U/- 

0/8  1/10  2/12  3/13  4/15  10/21  16/27  17/27  18/28  19/29  20/29 

21/30  22/30  23/- 

0/8  1/10  2/12  3/14  4/15  5/17  8/20  9/22  19/32  20/32  24/36  25/36 
27/38  28/38  29/39  30/39  31/40  32/40  33/- 
0/8  1/10  2/12  3/U  4/15  5/17  6/18  7/20  9/22  10/24  27/41  28/41 
31/44  32/44  34/46  35/46  37/48  38/48  39/49  40/49  41/50  42/50  43/- 
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60 


70 


80 


90 


100 


Table  2  (continued) 

Minlmun  contrasts  99%  (two  sided)  Test 
N  =  total  ntxnber  of  trials  in  each  sample 
No.  of  A* s  in  Sample  (l) /lb.  A^s  in  Samnle  (2^ 

0/8  1/10  2/12  3/U  4/16  5/17  6/19  8/21  9/23  11/25  12/27 
19/34  20/36  24/40  25/41  26/41  34/49  35/49  38/52  39/52 
42/55  43/55  45/57  46/57  47/58  48/58  49/59  50/59  51/60 
52/60  53/- 

0/8  1/10  2/12  3/14  4/16  5/17  6/19  7/20  8/22  10/24  11/26 
U/29  15/31  21/37  22/39  32/49  33/49  34/50  40/56  41/56 

45/60  46/60  49/63  50/63  52/65  53/65  55/67  56/67  57/68 

58/68  59/69  60/69  61/70  62/70  63/- 

0/8  1/10  2/12  3/U  4/16  5/18  6/19  7/21  9/23  10/25  12/27 
13/29  16/32  17/34  24/41  25/43  38/56  39/56  47/64  48/64 
52/68  53/68  56/71  57/71  60/74  61/74  63/76  64/76  65/77  66/77 
67/78  68/78  69/79  70/79  71/80  72/80  73/- 
0/8  1/10  2/12  3/U  4/16  5/18  6/19  7/21  8/22  9/24  II/26  12/28 
15/31  16/33  19/36  20/38  28/46  29/48  43/62  U/62  53/71  54/71 

58/75  59/75  63/79  64/79  67/82  68/82  70/84  71/84  73/86  74/86 

75/87  76/87  77/88  78/88  79/89  80/89  81/90  82/90  83/- 

0/8  1/10  2/13  3/U  4/16  5/18  6/19  7/21  8/22  9/24  10/25  11/27 
U/30  15/32  18/35  19/37  23/41  24/43  33/52  34/54  47/67  48/67 

58/77  59/77  64/82  65/82  69/86  70/86  74/90  75/90  77/92  78/92 

80/94  81/94  83/96  84/96  85/97  86/97  88/99  89/99  90/99  91/lCX) 

92/100  93/- 


Appendix  3A 
Table  2  (continned) 

Minlm’jJTi  contrasts  99%  (two  sided)  Test 
N  =  total  nunber  of  trials  in  each  sample 
N  No.  of  A* 8  in  Sample  (I^/noo  of  A^s  in  Sample  (2) 

150  0/8  1/11  2/13  3/15  4/16  5/18  6/20  7/21  8/23  9/24  10/26 

11/27  12/29  U/31  15/33  17/35  18/37  21/40  22/42  26/46 
27/48  31/52  32/54  39/61  40/63  51/74  52/76  75/99  76/99 
88/111  89/111  97/119  98/119  103/124  IC4/124  1C9/129  110/129 
114/133  115/133  118/136  119/136  122/139  123/139  125/141  126/141 
128/143  129/143  131/U5  132/145  133/U6  134/146  136/148  137/U8 
138/149  139/149  140/150  141/150  142/150  143/- 
200  0/8  1/11  2/13  3/15  4/16  5/18  6/20  7/21  8/23  9/24  10/26  11/27 

12/29  13/30  U/32  16/34  17/36  19/38  2C/4O  23/43  24/45  26/47 
27/49  31/53  32/55  36/59  37/61  43/67  44/69  51/76  52/78  63/89 
64/91  llC/137  lU/137  X23/U9  124/149  132/157  133/157  140/164 
Ul/164  U6/169  U7/160  152^74  153/174  156/177  157/177 
161/181  162/181  165/184  I66/I84  169/187  170/187  172/189  173/189 
175/191  176/191  178/193  179/193  181/195  182/195  183/196  I84/I96 
186/198  187/198  188/199  189/199  190/200  191/200  192/200  193/- 
300  0/8  1/11  2/13  3/15  4/17  5/18  6/20  7/22  8/23  9/25  IO/26  11/28 

12/29  13/31  15/33  16/35  17/36  18/38  2O/4O  21/42  23/44  24/46 
27/49  28/51  31/54  32/56  35/59  36/61  40/65  41/67  45/71  46/73  51/78 
52/80  58/86  59/88  66/95  67/97  76/106  77/108  88/II9  89/121  107/139 
108/Ul  160/193  161/193  180/212  181/212  193/224  194/224  204/234 
205/234  213/242  214/242  221/249  222/249  228/255  229/255  234/260 
235/260  240/265  241/265  245/2£/9  246/269  250/273  251/273  255/277 
256/277  259/280  260/280  263/283  264/283  266/285  267/285  270/288 
271/288  273/290  274/290  276/292 
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Appendix  3D 
Table  I 


Lower  Lir,dts  of  I  irori-isl  confidence  Intervals 
(Cne  Sided  Limits) 

Where  C  =  One  sided  confidence  levels 
N  =  Sample  size. 


F  =  Observed  number  of  failwea 
in  a  sample  of  N  trials. 


TJ* 

o 

II 

• 

O 

o 

.800 

.900 

.950 

.990 

.995 

r 

0 

0.129 

0.275 

0.369 

0.450 

0.601 

0,653 

1 

0.313 

0.490 

0.583 

0.657 

0.777 

0.814 

2 

0.500 

0.673 

0.753 

0.810 

0.894 

0.917 

3 

0.686 

0.831 

0.887 

0.923 

0.967 

0.977 

6 

0 

0.109 

0.235 

0.318 

0.393 

0.535 

0.586 

1 

0.264 

0.422 

0.510 

0.581 

0.705 

0.746 

2 

0.421 

0.585 

0.666 

0.728 

0.826 

0.856 

3 

0.578 

0.731 

0.799 

0.846 

0.915 

0.933 

7 

0 

0.094 

0.205 

0.28C 

0.348 

0.482 

0.530 

0.228 

0.370 

0.452 

0.520 

0.643 

2 

0.364 

0.516 

0.596 

0.658 

0.763 

3 

0.500 

0.649 

0.721 

0.774 

0.857 

0.882 

4 

0.635 

0.771 

0.630 

0.871 

0.929 

0.944 

8 

0 

0.082 

0.182 

0.250 

0.312 

0.437 

0.484 

1 

0.201 

0.330 

0.406 

0.470 

0.589 

0.631 

2 

0.320 

0.462 

0.538 

0.599 

0.706 

0.742 

3 

0.440 

0.583 

0.655 

0.710 

0.801 

4 

0.559 

0.696 

0.760 

0.807 

0.879 

0.900 

9 

0 

0.074 

0.163 

0.225 

0.283 

0.400 

0.444 

1 

0.179 

0.297 

0.368 

0.429 

0.544 

0.584 

2 

0.286 

0.417 

0.490 

0.549 

0.656 

0.692 

3 

0.393 

0.529 

0.599 

0.655 

0.749 

0.780 

4 

0.500 

0.633 

0.699 

0.748 

0.829 

0.853 

5 

0.606 

0.732 

0.789 

0.831 

0.894 

0.913 
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Table  1  (continued) 


11 


12 


13 


14 


F 

0 

C  =  .500 

.800 

.900 

.950 

.990 

.995 

0.066 

0.148 

0.205 

0.258 

0.369 

0.411 

1 

0.162 

0.270 

0.336 

0.394 

0.504 

0.544 

2 

0.258 

0.380 

0.U9 

0.506 

0.611 

0.648 

3 

0.355 

0.483 

0.551 

0.606 

0.702 

0.735 

4 

0.451 

0.580 

0.645 

0.696 

0.781 

0.809 

5 

0.548 

0.673 

0.732 

0.777 

0.849 

0.871 

6 

0.644 

0.760 

0.812 

0.849 

0.906 

0.923 

0 

0.061 

0.136 

0.188 

0.238 

0.342 

0.382 

1 

0.147 

0.248 

0.310 

0.364 

0.469 

0.508 

2 

0.235 

0.350 

0.415 

0.470 

0.572 

0.608 

3 

0.323 

C.U5 

0.510 

0.564 

0.660 

0.693 

4 

0.411 

0.535 

0.599 

0.650 

0.737 

0.766 

5 

0.500 

0.622 

0.682 

0.728 

0.806 

0.830 

6 

0.588 

0.704 

0.759 

0.800 

0.865 

0.885 

0 

0.056 

0.125 

0.174 

0.220 

0.338 

0.356 

1 

0,.135 

0.229 

0.287 

0.338 

0.439 

0.477 

2 

0.216 

0.323 

0.385 

0.438 

0.537 

0.572 

3 

0.297 

0.a2 

0.475 

0.527 

0.622 

0.655 

4 

0.378 

0.496 

0.559 

0.609 

0.697 

0.727 

5, 

0.459 

0.577 

0.637 

0.684 

0.765 

0.791 

6 

0.540 

0.655 

0.711 

0.754 

0.825 

0.847 

7 

0.621 

0.730 

0.781 

C.818 

0.878 

0.896 

0 

0.051 

0.116 

0.162 

0.205 

0.298 

0.334 

1 

0.125 

0.213 

0.267 

0.316 

0.412 

0.449 

2 

0.200 

0.301 

0.359 

0.410 

0.506 

0.5a 

3 

0.275 

0.383 

0.444 

0.494 

0.587 

0.620 

4 

0.350 

0.463 

0.523 

0.572 

0.660 

0.691 

5 

0.425 

0.539 

0.598 

0.645 

0.727 

0.754 

6 

0.500 

0.613 

0.669 

0.712 

0.787 

0.811 

b.86l 

7 

0.574 

0.684 

0.736 

0.776 

0.8a 

0 

0.048 

0.108 

0.151 

0.192 

0.280 

0.315 

1 

0.117 

0.199 

0.250 

0.296 

0.389 

0.424 

2 

0.186 

0.281 

0.337 

0.385 

0.478 

0.512 

3 

0.256 

0.359 

0.416 

0.465 

0.556 

0.589 

4 

0.325 

0.433 

0.491 

0.540 

0.627 

0.657 

5 

0.395 

0.505 

0.563 

0.609 

0.692 

0.720 

6 

0.465 

0.575 

0.630 

0.674 

0.751 

0.776 

7 

0.534 

0.642 

0.695 

0.736 

0.805’ 

0.827 

8 

0.604 

0.707 

0.756 

0.793 

0.854 

0.873 
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Table  I  (continued) 


N 

F 

c  =  .500 

.800 

“15 

0 

0.045 

0.101 

1 

C.109 

0.186 

2 

0.174 

0.264 

3 

0.239 

0.337 

4 

0.304 

0,407 

5 

0.369 

0.475 

6 

0.434 

0.541 

7 

0.500 

0.605 

8 

0.565 

0.667 

9 

0.630 

0.728 

16 

0 

0.042 

0.095 

1 

0.102 

0.175 

2 

0.163 

0.248 

3 

0,224 

0.318 

4 

0.285 

0.384 

5 

0,347 

0.448 

6 

0.408 

0.511 

7 

0.469 

0.572 

8 

0.530 

0.631 

9 

0,591 

0.689 

17 

0 

0.039 

0.090 

1 

0.096 

0.166 

2 

0.154 

0.235 

3 

0.211 

0.3c  0 

4 

0.269 

0.363 

5 

0.327 

0.425 

6 

0.384 

0.484 

7 

0.442 

0.542 

8 

0.5CC 

0.599 

9 

0.557 

0.655 

10 

0.615 

0,709 

18 

0 

0.037 

0.085 

1 

0.091 

0.157 

2 

0.145 

0.223 

3 

0.200 

0.285 

4 

0.254 

0.345 

5 

0.309 

0.403 

6 

0.363 

0.460 

7 

O.4I8 

0.515 

8 

0.472 

0.570 

9 

0.527 

0.623 

10 

0.581 

0.675 

.900 

.950 

.990 

.995 

0.142 

0.181 

0.264 

0.297 

0.235 

0.279 

0.367 

0.401 

0,317 

0.363 

0.453 

0.486 

0.392 

0.439 

0.528 

0.560 

0.463 

0.510 

0.596 

0.627 

0.531 

0.577 

0.659 

0.688 

0.596 

0.640 

0.717 

0.743 

0.658 

0.700 

0.771 

0.794 

0.717 

0.756 

0.820 

0.841 

0.774 

O.8O9 

0.865 

0.883 

0.134 

0.170 

0.250 

0.281 

0.222 

0.263 

0.348 

0.381 

0.299 

0.343 

0.43c 

0.462 

0.371 

O.4I6 

0.502 

0.534 

0.438 

0.484 

0.568 

0.599 

0.503 

0.548 

0.629 

0.658 

0.565 

0.608 

0.686 

0.713 

0.624 

0,666 

0.739 

0.763 

0.682 

0.721 

0.768 

0.810 

0.737 

0.773 

0.833 

0.852 

0,126 

0,161 

0.237 

0.267 

0,210 

0,250 

0.331 

0.363 

0.283 

0.326 

C.4C9 

0.441 

0.351 

0.395 

0,479 

0.510 

0.416 

0,460 

0.543 

0.573 

0.478 

0,521 

0.602 

0.63C 

0.537 

0.58C 

0.657 

0.684 

0.594 

0.635 

0.709 

0.734 

0.649 

0.689 

0.757 

0.780 

0.702 

0.739 

0.802 

0.823 

0.753 

0.788 

0.844 

0.862 

0.120 

0.153 

0.225 

0.254 

0.199 

0.237 

0.316 

0.346 

0.269 

0.310 

0.391 

0.421 

0.334 

0.376 

0.458 

0.488 

0.396 

0.438 

0.519 

0.549 

0.455 

0.497 

0.577 

0.605 

0.511 

0.554 

0.630 

0.657 

0.566 

0.6C7 

0.681 

0.706 

0.6:9 

0.659 

0,728 

0.752 

0.671 

0.708 

0.773 

0.795 

0.720 

0.756 

O.8I5 

0.835 
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Appendix  3B 


Tkble  I  (continued) 


V 

C  =  .500 

.800 

.900 

.950 

.990 

.995 

r 

0 

0.035 

0.081 

0.114 

0.145 

0.215 

0.243 

1 

0.086 

0.U9 

0.189 

0.226 

0.301 

0.331 

2 

0.138 

0.2U 

0.256 

0.295 

0.374 

0.403 

3 

0.189 

0.271 

0.318 

0.359 

0.438 

0.468 

4 

0.241 

0.328 

0.377 

o.a9 

0.498 

0.527 

5 

0.293 

0.384 

0.434 

0.475 

0.553 

0.581 

6 

0.3U 

0.438 

0.488 

0.529 

0,606 

0.632 

7 

0.396 

0.491 

0.5a 

0.581 

0.655 

0.680 

8 

0.448 

0.543 

0.592 

0.631 

0.701 

0.726 

9 

0.50C 

0.594 

0.642 

0.679 

0.746 

0.768 

10 

0.551 

0.644 

0.690 

0.726 

0.787 

0.808 

11 

0.6C3 

0.693 

0.736 

0.770 

0.826 

0.845 

0 

0.034 

0.077 

0.108 

0.139 

0.205 

0.232 

1 

0.082 

0.142 

0.180 

0.216 

0.288 

0.317 

2 

0.131 

0.202 

C.244 

0.282 

0.358 

0.387 

3 

0.180 

0.258 

0.304 

0.343 

0.420 

0.U9 

4 

0.229 

0.313 

0.360 

0.401 

0.478 

0.506 

5 

0.278 

0.366 

0.414 

0.455 

0.532 

0.559 

6 

0.327 

o.ae 

0.467 

0.507 

0.582 

O.609 

7 

0.377 

0.469 

0.518 

0.558 

0.630 

0.656 

8 

0.426 

0.519 

0.567 

0.606 

0.676 

0.70r 

9 

0.475 

0.568 

0.615 

0:653 

0.719 

0.742 

10 

0.524 

0.616 

0.661 

0.698 

0.761 

0.782 

11 

0.573 

0.663 

0.707 

0.7a 

0.799 

0.819 

12 

0.622 

0.709 

0.750 

0.782 

0.836 

0.654 

0 

0.032 

0.073 

0.103 

0.132 

0.196 

0.222 

1 

0.078 

0.135 

0.172 

0.206 

0.276 

0.304 

2 

0.125 

0.192 

0.234 

0.270 

0.343 

0.371 

3 

0.172 

0.247 

0.291 

0.329 

0.404 

0.432 

4 

0.216 

0.299 

0.345 

0.384 

0.459 

0.487 

5 

0.265 

0.350 

0.397 

0.436 

0.511 

0.539 

6 

0.312 

0.400 

0.447 

0.487 

0.561 

0.587 

7 

0.359 

0.if48 

0.496 

0.535 

0.608 

0.633 

8 

0.406 

0.496 

0.544 

0.582 

0.652 

0.677 

9 

OASn 

0.543 

0.590 

0.628 

0.695 

0.718 

10 

0.500 

0.590 

0.635 

0.671 

0.735 

0.757 

11 

0.546 

Qi^35 

0.679 

0.714 

0c774 

0.794 

12 

0.593 

0^80 

0.722 

0.755 

0.810 

0.829 
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Table  I  (continued) 


N 

”22 


23 


24 


F 

0 

c  =  .500 

.800 

.9C'C 

.950 

.990 

.995 

0.031 

0.070 

0.099 

0.127 

0.188 

0.214 

1 

0.075 

0.130 

0.165 

0.198 

0.265 

0.292 

2 

0.119 

0.184 

0.224 

0.259 

0.330 

0.357 

3 

0.164 

0.236 

0.278 

0.315 

0.388 

0.416 

4 

0.209 

0.286 

0.331 

0.369 

0.442 

0.469 

5 

0.253 

0.335 

0.381 

o.a9 

0.493 

0.520 

6 

0.298 

0.383 

0.429 

0.468 

0.541 

0.567 

7 

0.343 

0.430 

0.476 

0.515 

0.586 

0.612 

8 

0.388 

0.476 

0.522 

0.56c 

0.630 

0.654 

9 

0.432 

0.521 

0.567 

0.604 

0.672 

0.695 

10 

0.477 

0.566 

0.6U 

0.647 

0.711 

0.734 

11 

0.522 

O.6O9 

0.653 

0.688 

0.749 

0.770 

12 

0.567 

0.652 

0.695 

0.728 

0.786 

0.805 

13 

0.611 

0.695 

0.735 

0.767 

0.820 

0.838 

0 

0.029 

0.067 

0.095 

0.122 

0.181 

0.205 

1 

0.071 

0.124 

0.158 

0.19c 

0.255 

0.281 

2 

0.114 

0.176 

0.215 

0.249 

0.318 

0.344 

3 

0.157 

0.226 

0.267 

0.303 

0.374 

0.401 

4 

0.200 

0.275 

0.317 

0.354 

0.426 

0.453 

5 

0.242 

0.323 

0.366 

0.403 

0.475 

0.502 

6 

0.285 

0.367 

0.413 

0.450 

0.522 

0.548 

7 

0.328 

0.a2 

0.458 

0.496 

0.566 

0.592 

8 

0.371 

0.457 

0.502 

0.540 

0.609 

0.633 

9 

0.414 

0.5C€ 

0.546 

0.583 

0.65C 

0.673 

10 

0.457 

0.543 

0.588 

0.624 

0.689 

0.711 

11 

0.500 

0.586 

0.629 

0.664 

0.726 

0.747 

12 

0.542 

0.627 

0.670 

0.703 

0.762 

0.782 

13 

0.585 

0.668 

0.709 

0.7a 

0.796 

0.615 

0 

0.028 

C,064 

0.091 

0.117 

0.174 

0.198 

1 

0.068 

0.119 

0.152 

0.182 

0.246 

0.271 

2 

0.109 

0.169 

0.206 

0.239 

0.306 

0.332 

3 

0.1?0 

0.217 

0.257 

0.292 

0.361 

0.387 

4 

0.191 

0.264 

0.305 

0.3a 

o.ai 

0.437 

5 

0.232 

0.309 

0.352 

0.389 

0.459 

0.485 

6 

0.274 

0.353 

0.397 

0.434 

0.504 

0.530 

7 

0.315 

0.397 

0.441 

0.478 

0.548 

0.573 

8 

0.356 

0.439 

0.484 

0.521 

0.589 

0.613 

9 

0.397 

0.481 

0.526 

0.562 

0.629 

0.653 

10 

0.438 

0.523 

0.567 

0.603 

0.667 

0.690 

11 

0.479 

0.564 

0.607 

0.642 

0.704 

0.726 

12 

0.'520 

0.604 

0.646 

0.680 

0.740 

0.76c 

13 

0.561 

0.6U 

0.685 

0.717 

0.774 

0.793 

14 

0.602 

0.683 

0.722 

0.753 

0.606 

0.824 

151 


Appendix  33 
Table  1  (continued) 


25 


26 


27 


F 

0 

8 

• 

II 

O 

.800 

.900 

.950 

.990 

.995 

0.027 

0.062 

0.087 

0.112 

0.168 

0.190 

1 

0.066 

0.115 

0.146 

0.176 

0.237 

0.261 

2 

0.105 

0.163 

0.199 

0.231 

0.295 

0.321 

3 

0.144 

0.209 

0.248 

0.281 

0.348 

0.374 

4 

0.184 

0.254 

0.294 

0.329 

0,397 

0.423 

5 

0.223 

0.297 

0.339 

0.375 

0.444 

0.469 

6 

0.263 

0.340 

0.383 

o.a9 

0.488 

0.513 

7 

0.302 

0.382 

0.425 

0.462 

0.530 

0.555 

8 

0,342 

0.423 

0.467 

0.503 

0.571 

0.595 

9 

0.381 

0.464 

0.507 

0.543 

0.610 

0.633 

10 

0.421 

0.504 

0.547 

0.583 

0.647 

0.670 

11 

0.460 

0.543 

0.586 

0.6a 

0.683 

0.705 

12 

0.500 

0.582 

0.624 

0.658 

0.718 

0.739 

13 

0.539 

0.6a 

0.662 

0.694 

0.752 

0.771 

14 

0.578 

0.659 

0.698 

0.730 

0.784 

0.802 

15 

0.618 

0.696 

0.734 

0.764 

0.815 

0.832 

0 

0.026 

0.060 

0.084 

0.108 

0.162 

0.184 

1 

0.063 

0.110 

o.ia 

0.169 

0.229 

0.252 

2 

0.101 

0.157 

0.191 

0.222 

0,285 

0.310 

3 

0.139 

0.201 

0.239 

0.271 

0.337 

0.362 

4 

0.177 

0.245 

0.284 

0.318 

0.384 

0.409 

5 

o.a5 

0.287 

0.327 

0.362 

0.429 

0.455 

6 

0.253 

0.328 

0.369 

0.4C5 

0.472 

0.497 

7 

0.291 

0.368 

o.ai 

0.446 

0.514 

0.538 

8 

0.329 

0.408 

0.451 

0.487 

0.553 

0.577 

9 

0.367 

0.447 

0.490 

0.526 

0.591 

0.615 

10 

0.405 

0.486 

0.529 

0.564 

0.628 

0.651 

11 

0.443 

0.524 

0.567 

0.601 

0.663 

0.685 

12 

0.481 

0.562 

0.604 

0.637 

0.698 

0.719 

13 

0.518 

0.599 

0.640 

0.673 

0.731 

0.751 

U 

0.556 

0.636 

0.676 

0.707 

0.763 

0.781 

15 

0.594 

0.672 

0.711 

0.741 

0.793 

0.811 

0 

0.025 

0.057 

0.081 

0.105 

0.156 

0.178 

1 

0.061 

0.106 

0.136 

0.163 

0.221 

0.244 

2 

0.097 

0.151 

0.185 

o.a5 

0.276 

0.300 

3 

0.134 

0.194 

0.230 

0.262 

0.326 

0.350 

4 

0.170 

0.236 

0.274 

0.307 

0.372 

0.397 

5 

0.207 

0.277 

0.316 

0.350 

o.a6 

0.441 

6 

0.243 

0.316 

0.357 

0.392 

0.458 

0.482 

7 

0.280 

0.355 

0.397 

0.432 

0.498 

0.522 

8 

0.317 

0.394 

0.436 

0.471 

0.537 

0.560 

9 

0.353 

0.432 

0.474 

0.509 

0.574 

0.597 

10 

0.390 

0.469 

0.512 

0.546 

0.610 

0.632 

11 

0.426 

0.506 

0.548 

0.582 

0.645 

0.666 

12 

0.463 

0.543 

0.584 

0.618 

0.678 

0.699 

13 

0.500 

0.579 

0.620 

0.653 

0.711 

0.731 

U 

0.536 

0.615 

0.655 

0.686 

0.742 

0.761 

15 

0.573 

0.650 

0.689 

0.719 

0.773 

0.791 

16 

0.609 

0.685 

0.722 

0.752 

0.802 

0.819 
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Appendix  3B 
Table  I  (continued) 


F 

o 

II 

• 

o 

o 

.800 

0 

0.024 

0.055 

1 

0.059 

0.303 

2 

0.094 

0.146 

3 

0.129 

0.1E8 

4 

0.164 

0 . 228 

5 

0.200 

0.267 

6 

0.235 

0.306 

7 

0.270 

0.344 

B 

0.305 

0.381 

9 

0.3a 

0.418 

10 

0.376 

0.454 

11 

o.ai 

0.490 

12 

0.447 

0.525 

13 

0.482 

0.560 

14 

0.517 

0.595 

15 

0.552 

0.629 

16 

0.588 

0.663 

0 

0.023 

0.053 

1 

0.057 

0.099 

2 

0.091 

o.ia 

3 

0.125 

0.182 

4 

0.159 

0.220 

5 

0.193 

0.258 

6 

0.227 

0.296 

7 

0.261 

0.332 

8 

0.295 

0.369 

9 

0.329 

0.404 

10 

0.363 

0.439 

11 

0.397 

0.474 

12 

0.431 

0.509 

13 

0.465 

0.543 

14 

0.500 

0.577 

15 

0.534 

0.610 

16 

0.568 

0.643 

17 

0.602 

0.676 

.900 

.950 

.990 

.995 

0.078 

0.101 

0.151 

0.172 

0.131 

0.158 

0.214 

0.236 

0.179 

0.208 

0.267 

0.291 

0.223 

0.254 

0.316 

0.339 

0.265 

0.297 

0.361 

0.385 

0.306 

0.339 

0.403 

0.428 

0.345 

0.379 

0.04 

0.468 

0.384 

0.a8 

0.483 

0.507 

0.422 

0.456 

0.521 

0.544 

0.459 

0.493 

0.557 

0.580 

0.495 

0.529 

0.593 

0.615 

0.531 

0.565 

0.627 

0.649 

0.566 

0.599 

0.660 

0.681 

0.6C1 

0.633 

0.692 

0.712 

0.635 

0.666 

0.723 

0.742 

0.668 

0.699 

0.753 

0.771 

0.701 

0.73c 

0.782 

0.799 

0.076 

0.098 

0.146 

0.166 

0.127 

0.153 

0.207 

0.229 

0.173 

0.201 

0.259 

0.282 

0.216 

0.246 

0.306 

0.329 

0.256 

0.288 

0.350 

0.374 

0.296 

0.328 

0.392 

0.415 

0.334 

0.368 

0.431 

0.455 

0.372 

0.405 

0.469 

0.493 

0.409 

0.442 

O.5O6 

0.529 

0.445 

0.479 

0.542 

0.565 

0.480 

0.514 

0.576 

0.599 

0.515 

0.548 

0.610 

0.631 

0.549 

0.562 

0.642 

0.663 

0.583 

0.615 

0.674 

0.694 

0.616 

0.648 

0.704 

0.724 

0.648 

0.679 

0.734 

0.753 

0.680 

0.710 

0.763 

0.780 

0.712 

0.7a 

0.790 

0.807 
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Table  I  (continued) 


F 

c  =  .500 

.800 

.900 

.950 

.990 

0 

0.022 

0.052 

0.073 

0.095 

0.142 

1 

0.055 

0.096 

0.123 

0.148 

0.201 

2 

0.088 

0.137 

0.167 

0.195 

0.251 

3 

0.121 

0.176 

0.209 

0.238 

0.297 

4 

0.153 

0.213 

0.248 

0.279 

0.340 

5 

0.186 

0.250 

0.287 

0.318 

0.380 

6 

0.219 

0.286 

0.324 

0.357 

0.419 

7 

0.252 

0.322 

0.361 

0.393 

0.456 

8 

0.285 

0.357 

0.396 

0.429 

0.492 

9 

0.318 

0.392 

0.431 

0,465 

0.527 

10 

0.351 

0.426 

0.466 

0.499 

0.561 

11 

0.384 

0.460 

0.500 

0.533 

0.593 

12 

0.417 

0.493 

0.533 

0.566 

0.625 

13 

0.450 

0.526 

0.566 

0.598 

0.656 

14 

0.483 

0.559 

0.598 

0.630 

0.686 

15 

O.5I6 

0.591 

0.630 

0.661 

0.716 

16 

0.549 

0.624 

0.661 

0.691 

0.744 

17 

0.582 

0.655 

0.692 

0.721 

0.772 

18 

0.615 

0.687 

0.722 

0.750 

0.798 

0 

0.022 

0.050 

0.071 

0.092 

0.138 

1 

0.053 

0.093 

0.119 

0.144 

0.195 

2 

0.085 

0.133 

0.162 

0.189 

0.244 

3 

0,117 

0.170 

0.202 

0.231 

0.289 

4 

0.149 

0.207 

0.241 

0.271 

0.330 

5 

0.180 

0.243 

0.278 

0.309 

0.370 

6 

0.212 

0.278 

0.315 

0.346 

0,407 

7 

0.244 

0.312 

0.350 

0.382 

0.444 

8 

0.276 

0,346 

0.385 

0.417 

0.479 

9 

0.308 

0.380 

o.a9 

0.451 

0.513 

10 

0.340 

0.413 

0.452 

0.485 

0.546 

11 

0.372 

0.446 

0.485 

0.518 

0.578 

12 

0.404 

0.478 

0.518 

0.550 

0.609 

13 

0.436 

0.511 

0.550 

0.582 

0.640 

14 

0.468 

0.542 

0.581 

0.613 

0.669 

15 

0.500 

0.574 

0.612 

0.643 

0.698 

16 

0.531 

0.605 

0.643 

0.673 

0.726 

17 

0.563 

0.636 

0.673 

0.702 

0.753 

18 

0.595 

0.667 

0.703 

0.731 

0.780 

.995 

0.161 

0.222 

0.274 

0.320 

0.363 

0.404 

0.442 

0.479 

0.515 

0.550 

0.583 

0.615 

0.646 

0.677 

0.706 

0.735 

0.762 

0.789 

O.8I4 

0.157 

o.a6 

0.266 

0.311 

0.353 

0.392 

0.430 

0.467 

0.502 

0.535 

0.568 

0.600 

0.630 

0.660 

0.689 

0.717 

0.745 

0.771 

0.797 
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Appendix  3B 


Table  I  (continued) 


IT 

C  =  .500 

.800 

.900 

.950 

,990 

.995 

r 

0 

0.021 

0.049 

0,069 

0.089 

0.134 

0.152 

1 

0.051 

0.090 

0.116 

0.139 

0.190 

0.210 

2 

0.082 

0.129 

0.157 

0,183 

0.237 

0,258 

3 

0.113 

0.165 

0,196 

0.224 

0,281 

0,302 

4 

0.144 

0.201 

0.234 

0.263 

0.321 

0.343 

5 

0.175 

0.235 

0.270 

0.300 

0.360 

0.382 

6 

0.2C6 

0.269 

0.305 

0,336 

0,397 

0,419 

7 

0.237 

0.303 

0.340 

0.371 

0.432 

0.454 

8 

0.268 

0.336 

0.374 

0.406 

0.466 

0,489 

9 

0.299 

0.369 

0.407 

0.439 

0,500 

0.522 

10 

0.329 

0.401 

0.439 

0.472 

0.532 

0,554 

11 

0.360 

0.433 

0.472 

0.504 

0.563 

0.585 

12 

0,391 

0.465 

0.503 

C.535 

0.594 

0,615 

13 

0.422 

0.496 

0.534 

0.566 

0.624 

0.644 

14 

0.453 

0.527 

0.565 

0.596 

0.653 

0.673 

15 

0.484 

0.558 

0.595 

0.626 

0.681 

0.701 

16 

0.515 

0.588 

0.625 

0.655 

0.709 

0.728 

17 

0.546 

0.618 

C.655 

0.684 

0.736 

0.754 

18 

0.577 

0.648 

0.684 

0.712 

0.762 

0,779 

19 

0.608 

0.678 

0.712 

0.74C 

0.788 

C.8O4 

0 

0.020 

0.047 

0.067 

0.086 

0.130 

0.148 

1 

0.050 

0,088 

0.112 

0.135 

0.184 

0.204 

2 

0.08C 

0.125 

0.153 

0.178 

0.231 

0,251 

3 

0,110 

0.160 

0.191 

0.218 

0.273 

0.294 

4 

0,140 

0.195 

0.227 

0.256 

0,313 

0.334 

5 

0.170 

0,229 

0.263 

0.292 

0,350 

0,372 

6 

0,200 

0.262 

0.297 

0,327 

0.386 

O.4O8 

7 

0,230 

0.294 

0.330 

0,361 

0.421 

0,443 

8 

0.260 

0.326 

0.363 

0.395 

0,454 

0.476 

9 

0.290 

0.358 

0,396 

0,427 

0.487 

0.509 

10 

0,320 

0.390 

0.427 

0.459 

0,519 

0.540 

11 

0,350 

0.421 

0.459 

0.490 

0.549 

0.571 

12 

0,380 

0.451 

0.490 

0.521 

0.579 

0.600 

13 

o.ao 

0.482 

0.520 

0.551 

0.609 

0.629 

14 

0,440 

0.512 

0.550 

0.581 

0.637 

0,657 

15 

0,470 

0.542 

0.580 

0.610 

0.665 

0.685 

16 

0.500 

0.572 

0.609 

0.639 

0,693 

0,711 

17 

0.530 

0.601 

0,638 

0.667 

0,719 

0,737 

18 

0.559 

0.630 

0,666 

0.695 

0,745 

0.762 

19 

0.589 

0.659 

0.694 

0,722 

0,770 

0.787 
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Apptndix  3B 
Tablt  I  (continued) 


C  =  .500  .800 

N  F 


0 

0.020 

0.046 

1 

0.048 

0.085 

2 

0.077 

0.121 

3 

0.106 

0.156 

4 

0.136 

0.189 

5 

0.165 

0.222 

6 

0.194 

0.254 

7 

0.223 

0.286 

8 

0.252 

0.31? 

9 

0.281 

0.348 

10 

0.310 

0.379 

11 

0.339 

0.409 

12 

0.368 

0.439 

13 

0.398 

0.469 

14 

0.427 

0.498 

15 

0.456 

0.527 

16 

0.485 

0.556 

17 

0.514 

0.585 

18 

0.543 

0.614 

19 

0.572 

0.642 

20 

0.601 

0.670 

0 

0.019 

0.044 

1 

0.047 

0.083 

2 

0.075 

0.118 

3 

0.103 

0.151 

4 

0.132 

0.184 

5 

0.160 

0.216 

6 

0.188 

0.247 

7 

0.217 

0.278 

8 

0.245 

0.309 

9 

0.273 

0.339 

10 

0.301 

0.369 

11 

0.330 

0.398 

12 

0.358 

0.427 

13 

0.386 

0.456 

14 

0.415 

0.485 

15 

0.443 

0.513 

16 

0.471 

0.542 

17 

0.500 

0.570 

18 

0.528 

0.598 

19 

0.556 

0.625 

20 

0.584 

0.653 

21 

0.613 

0.680 

.900 

.950 

.990 

.995 

0,065 

0.084 

0.126 

0.144 

0,109 

0.132 

0.179 

0.198 

0.149 

0.173 

0.225 

0.245 

0.186 

0.212 

0.266 

0.287 

0.221 

0.249 

0.304 

0.326 

0.255 

0.284 

0.341 

0.363 

0.289 

0.318 

0.376 

0.398 

0.321 

0.352 

0.410 

0.432 

0.353 

0.384 

0.443 

0.465 

0.385 

0.416 

0.475 

0.497 

0.416 

0.447 

0.506 

0.527 

0.447 

0.478 

0.536 

0.557 

0.477 

0.508 

0.566 

0.586 

0.506 

0.537 

0.594 

0.615 

0.536 

0.566 

0.623 

0.643 

0.565 

0.595 

0.650 

0.669 

0.593 

0.623 

0.677 

0.696 

0.621 

0.651 

0.703 

0.721 

0.649 

0.678 

0.729 

0.746 

0.677 

0.704 

0.754 

0.770 

0.704 

0.731 

0.778 

0.794 

0.063 

0.082 

0.123 

0.140 

0.106 

0.128 

0.175 

0.193 

0.144 

0.169 

0.219 

0.238 

0.181 

0.206 

0.259 

0.279 

0.215 

0.242 

0.297 

0.318 

0.248 

0.277 

0.332 

0.354 

0.281 

0.310 

0.367 

0.388 

0.313 

0.343 

0.400 

C.42I 

0.344 

0.374 

0.432 

0.454 

0.375 

0.405 

0.463 

0.485 

0.405 

0.436 

0.494 

0.515 

0.435 

0.466 

0,523 

0.544 

0.464 

0.495 

0.552 

0.573 

0.493 

0.524 

0.581 

0.601 

0.522 

0.552 

0.608 

0.628 

0.550 

0.580 

0.635 

0.655 

0.578 

0.608 

0.662 

0.681 

0.606 

0.635 

0.687 

0.706 

0.633 

0.662 

0.713 

0.731 

0.660 

0.688 

0.737 

0.755 

0.687 

0.714 

0.761 

C.778 

0.713 

0.739 

0.785 

0.801 
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Appendix 

Table  I  (continued) 


N 

36 


37 


C  =  .500 

.800 

.900 

.950 

.990 

.995 

F 

0 

0.019 

0.043 

0.061 

0.079 

0,120 

0.136 

1 

0.046 

0.080 

0.103 

0.125 

0.170 

0.188 

2 

0.073 

0.115 

o.ia 

0.164 

0.213 

0.232 

3 

0.101 

C.147 

0.176 

0.201 

0.252 

0.272 

4 

0.128 

0.179 

0.209 

0.236 

0.289 

0.310 

5 

0.156 

0.210 

0,242 

0.270 

0.324 

0.345 

6 

0.183 

0.2a 

0.274 

0.302 

0.358 

0.379 

7 

0.211 

0.27] 

0.305 

0.334 

0.390 

0.a2 

8 

0.238 

0.301 

0.335 

0.365 

0.422 

0,443 

9 

0.266 

0.330 

0.365 

0.395 

0.452 

0.474 

10 

0.293 

0.359 

0.395 

0.425 

0.482 

0.503 

11 

0.321 

0.388 

0.424 

0.454 

0.511 

0.532 

12 

0.348 

o.a6 

0.453 

0.483 

0.540 

0.560 

33 

0.376 

0.444 

0.481 

0.511 

0.567 

0.588 

14 

0.403 

0.472 

0.509 

0.539 

0.595 

0.614 

15 

0.431 

0.5CG 

0.537 

0.566 

0.621 

0.6a 

16 

0.458 

0.528 

0.564 

0.593 

0.647 

0.6^ 

17 

0.486 

0.555 

0.591 

C.620 

0.673 

0.691 

18 

0.513 

0.582 

0.618 

0.646 

0.697 

0.715 

19 

0.5a 

0.609 

0.644 

0.672 

0.722 

0.739 

20 

0.568 

0.636 

0.670 

0.697 

0.746 

0.762 

21 

0.596 

0.663 

0.696 

0.722 

0.769 

0.785 

0 

0.018 

0.042 

0.060 

0.077 

0.117 

0.133 

1 

0.044 

0.078 

0.101 

0.121 

0.166 

0.184 

2 

0.071 

0.112 

0.137 

0.160 

0.208 

0.227 

3 

0.098 

0.144 

0.171 

0.196 

0.246 

0.266 

4 

0.125 

C.174 

0,204 

0.230 

0.282 

0.302 

5 

0.151 

0.2C5 

0.236 

0.263 

0.317 

0.337 

6 

0.178 

0.235 

0.267 

0.295 

0.349 

0.370 

7 

0.205 

0.264 

0.297 

0.326 

0.381 

0.402 

8 

0.232 

0.293 

0.327 

0.356 

0,a2 

0.433 

9 

0.258 

0.321 

0.356 

0.386 

0.442 

0.463 

10 

0.285 

0.350 

0.385 

o.a5 

0.471 

0,492 

11 

0.312 

0.378 

0.a3 

0.443 

0.500 

0.520 

12 

0.339 

0.406 

0.4a 

0.471 

0.527 

0.548 

13 

0.366 

0.433 

0.469 

0.499 

0.555 

0.575 

14 

0.392 

0.461 

0.497 

0.526 

0.581 

C.6C1 

15 

c.a9 

0.488 

0.524 

0.553 

0,608 

0.627 

16 

0.446 

0.515 

0.550 

0.580 

0.633 

0.652 

17 

0.473 

0.5a 

0.577 

0.606 

0.658 

0.677 

18 

0.500 

0.568 

0.603 

0.631 

0.683 

0.701 

19 

0.526 

0.594 

0.629 

0.657 

0.707 

0.724 

20 

0.553 

0.620 

0.654 

0.682 

0.730 

0.747 

21 

0.580 

0.646 

0.680 

0.706 

0.753 

0.770 

22 

0.607 

0.672 

0.705 

0.730 

0.776 

0.791 
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AHHffin  3B 

Table  I  (continued) 


C  =  .500  .800 

N  F 


0 

0.018 

o.oa 

1 

0.043 

0.076 

2 

0.069 

0.109 

3 

0.095 

0.140 

4 

0.121 

0.170 

5 

0.147 

0.200 

6 

0.173 

0.229 

7 

0.200 

0.257 

8 

0.226 

0.285 

9 

0.252 

0.313 

10 

0.278 

0.341 

11 

0.304 

0.368 

12 

0.330 

0.396 

13 

0.356 

0.422 

14 

0.382 

0.U9 

15 

0.408 

0.476 

16 

0.434 

0.502 

17 

0.460 

C.528 

18 

0.486 

0.554 

19 

0.513 

0.580 

20 

0.539 

0.605 

21 

0.565 

0.631 

22 

0.591 

0.656 

0 

0.017 

0.040 

1 

0.042 

0.074 

2 

0.067 

0.106 

3 

0.093 

0.136 

4 

0.118 

0.166 

5 

0.144 

0.195 

6 

0.169 

0.223 

7 

0.194 

0.251 

8 

0.220 

0.278 

9 

0.245 

0.306 

10 

0.271 

0.333 

11 

0.296 

0.359 

12 

0.322 

0.386 

13 

0.347 

0.a2 

14 

0.372 

0.438 

15 

0.398 

0.464 

16 

0.423 

0.490 

17 

0.449 

0.516 

18 

0.474 

0.541 

19 

0.500 

0.566 

20 

0.525 

0.591 

21 

0.550 

0.616 

22 

0.576 

0.641 

23 

0.601 

0.665 

.900 

.950 

.990 

.995 

0.058 

0.075 

0.114 

0.130 

0.098 

0.118 

0.162 

0.179 

0.134 

0.156 

0.203 

0.221 

0.167 

0.191 

0.240 

0.260 

0.199 

0.224 

0.276 

0.295 

0.230 

0.256 

0.309 

0.329 

0.260 

0.288 

0.341 

0.362 

0.290 

0.318 

0.372 

0.393 

0.319 

0.347 

0.403 

0.423 

0.347 

0.376 

0.432 

0.452 

0.376 

0.405 

0.461 

0.481 

0.403 

0.433 

0.488 

0.509 

0.431 

0.460 

0.516 

0.536 

0.458 

0.487 

0.543 

0.563 

0.485 

0.514 

0.569 

0.589 

0.511 

0.540 

0.595 

O.6I4 

0.537 

0,566 

0.620 

C.639 

0.563 

0.592 

0.644 

0.663 

0.589 

0.A17 

0.669 

0.687 

0.614 

0.642 

0.692 

0.71C 

0.639 

0.667 

C.716 

0.733 

0.664 

0.691 

0.738 

0.755 

0.689 

0.715 

0.761 

0.776 

0.057 

0.073 

O.Jll 

0.127 

0.096 

0.115 

0.158 

0.175 

0.130 

0.152 

0.198 

0.216 

0.163 

0.186 

0.235 

0.254 

0.194 

0.219 

0.269 

0.289 

0.224 

0.250 

0.302 

0.322 

0.254 

0.281 

0.334 

0.354 

0.283 

0.310 

0.364 

0.384 

0.311 

0.339 

0.394 

0.414 

0.339 

0.368 

0.422 

0.443 

0.367 

0.396 

0.450 

0.471 

0.394 

0.423 

0.478 

0.498 

0.421 

0.450 

0.505 

0.525 

0.447 

0.476 

0.531 

0.551 

0.473 

0.503 

0.557 

0.576 

0.499 

0.528 

0.582 

0.601 

0.525 

0.554 

0.607 

0.626 

0.550 

0.579 

0.631 

0.650 

0.576 

0.604 

0.655 

0.673 

0.600 

0.628 

0.678 

0.696 

0.625 

0.652 

0.701 

0.719 

0.649 

0.676 

0.724 

0.7a 

0.673 

0.699 

0.746 

0.762 

0.697 

0.723 

0.768 

0.783 
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API'UJDIX  3B 


Teble  1  (continued) 


N 

40 


IT 

C  =  .5C0 

.800 

.900 

.950 

.990 

.995 

0 

0.017 

0.039 

0.055 

0.072 

0.108 

0.124 

1 

0.041 

0.075 

0.C93 

0.113 

0.154 

0.171 

2 

0.066 

0.103 

0.127 

0.149 

0.194 

0.211 

3 

0.091 

0.133 

0.159 

0.182 

0.229 

0.248 

4 

0.115 

0.162 

0.189 

0.214 

0.263 

0.282 

5 

0.140 

0.190 

0.219 

0.245 

0.295 

0.315 

6 

0.165 

0.218 

0.248 

0.274 

0.326 

0.346 

7 

0.190 

0.245 

0.276 

0.303 

0.356 

0.376 

8 

0.214 

0.272 

0.304 

0.332 

0.385 

0.405 

9 

0.239 

0.298 

0.331 

0.359 

0.413 

0.433 

10 

0.264 

0.325 

0.358 

0.387 

0.441 

0.461 

11 

0.289 

0.351 

0.385 

C.413 

0.468 

0.488 

12 

0.314 

0.377 

o.ai 

0.440  . 

0.494 

0.5U 

13 

0.338 

0.403 

0.437 

0.466 

0.520 

0.539 

14 

0.363 

0.428 

0.463 

0.491 

0.545 

0.565 

15 

0.388 

0.453 

0.488 

0.517 

0.570 

0.589 

16 

o.a3 

0.479 

0.513 

0.542 

0.594 

0.613 

17 

0.438 

0.504 

0.538 

0.566 

0.618 

0.637 

18 

0.462 

0.528 

0.563 

C.593 

0.642 

0.660 

19 

0.487 

0.553 

0.587 

0.615 

0.665 

0.683 

20 

0.512 

0.578 

0.611 

0.638 

0.688 

0.705 

21 

0.537 

0.602 

0.635 

0.662 

0.720 

0.727 

22 

0.561 

0.626 

0.659 

C.685 

0.732 

0.748 

23 

0.586 

0.650 

0.682 

0.708 

0.753 

0.769 

24 

0.611 

0.674 

0.705 

0.730 

0.774 

0.789 

Appendix  3B 


Table  I  (continued) 


=  .500 

.800 

.900 

0.016 

0.038 

0.054 

0.040 

0.071 

0.091 

0.064 

0.101 

0.124 

0.088 

0.130 

0.155 

0.113 

0.158 

0.185 

0.137 

0.185 

0.214 

0.161 

0.213 

0.242 

0.185 

0.239 

0.270 

0.209 

0.265 

0.297 

0.233 

0.291 

0.324 

0,258 

0.317 

0.350 

0.282 

0.343 

0.376 

0.306 

0.368 

0.402 

0.330 

0.393 

0.427 

0.354 

O.4I8 

0.452 

0.379 

0.443 

0.477 

0.403 

0.468 

0.502 

0.427 

0.492 

0.526 

0.451 

0.516 

0,550 

0.475 

0.541 

0.574 

0.500 

0.565 

0.598 

0.524 

0.588 

0.621 

0.548 

0.612 

0.645 

0.572 

0,636 

0.668 

0.596 

0.659 

0.690 

.950 

.990 

.995 

0.070 

0.106 

0.121 

0.110 

0.151 

0.167 

0.145 

0.189 

0.207 

0.178 

0.224 

0,242 

0.209 

0.257 

0.276 

0.239 

0.289 

0.308 

0.268 

0.319 

0.338 

0.296 

0.348 

0.368 

0.324 

0.377 

0.396 

0.351 

0.404 

0.424 

0.378 

0.431 

0.451 

0.404 

0.458 

0.478 

0.43c 

0.484 

0.503 

0.456 

0.509 

0.529 

0.481 

0.534 

0.553 

0.506 

0.558 

0.578 

0.530 

0.582 

0.601 

0.554 

0.606 

0.625 

0.578 

0.629 

0.647 

0.602 

0.652 

0.670 

0.625 

0.674 

0.692 

0.648 

0.696 

0.713 

0,671 

0.718 

0.734 

0.693 

0.739 

0.755 

0.715 

0.760 

0.775 
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Table  I  (continued) 


1? 

8 

• 

II 

O 

.800 

.900 

.950 

.990 

.995 

£ 

0 

0.016 

0.037 

0.053 

0.068 

0.103 

0.118 

1 

0.039 

0.069 

0.089 

0.108 

0.147 

0.163 

2 

0.063 

0.099 

0.121 

0.142 

0.185 

0.202 

3 

0.086 

0.127 

0.152 

0.174 

0.219 

0.237 

4 

0.110 

0.154 

0.181 

0.204 

0.252 

0.270 

5 

0.133 

0.181 

0.209 

0.234 

0.283 

0.301 

6 

0.157 

0.208 

0.237 

0.262 

0.312 

0.331 

7 

0.181 

0.234 

0.264 

0.290 

0.3a 

0.360 

8 

0.204 

0.259 

0.290 

0.317 

0.369 

0.388 

9 

0.228 

0.285 

0.317 

0.3U 

0.396 

o.a5 

10 

0.252 

0.310 

0.342 

0.370 

0.422 

0.442 

11 

0.275 

0.335 

0.368 

0.396 

0.448 

0.468 

12 

0.299 

0.360 

0.393 

0.421 

0.474 

0.493 

13 

0.322 

0.384 

0.418 

0.446 

0.499 

0.518 

14 

0.346 

0.409 

0.443 

0.471 

0.523 

0.542 

15 

0.370 

0.433 

0.467 

0.495 

0.547 

0.566 

16 

0.393 

0.457 

0.491 

0.519 

0.571 

0.590 

17 

0.a7 

0.481 

0.515 

0.543 

0.594 

0.613 

18. 

0.440 

0.505 

0.539 

0.566 

0.617 

0.635 

19 

0.464 

0.529 

0.562 

0.589 

0.639 

0.657 

20 

0.488 

0.552 

0.585 

0.612 

0.661 

0.679 

21 

0.511 

0.575 

0.608 

0.635 

0.683 

0.700 

22 

0.535 

0.599 

0.631 

0.657 

0.704 

0.7a 

23 

0.559 

0.622 

0.654 

0.679 

0.725 

0.7a 

24 

0.582 

0.645 

0.676 

0.701 

0.746 

0.761 

25 

0.606 

0.667 

0.698 

0.723 

0.766 

0.781 
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Ttbl«  1  (continu#d) 


o 

II 

• 

O 

O 

.800 

F 

0 

0,015 

0.036 

1 

0.038 

0.068 

2 

O.r.ol 

0.096 

3 

0,084 

0.124 

4 

0.107 

0.151 

5 

0.130 

0.177 

6 

0.153 

0.203 

7 

0,176 

0.228 

8 

0.200 

0.254 

9 

0,223 

0.279 

10 

0,246 

0.303 

11 

0.269 

0.328 

12 

0.292 

0.352 

13 

0.315 

0.376 

14 

0,338 

0.400 

15 

0.361 

0.424 

16 

0,384 

0.447 

17 

0,407 

0.471 

18 

0,430 

0.494 

19 

0.453 

0.517 

20 

0.476 

0.540 

21 

0.500 

0,563 

22 

0.523 

0.586 

23 

0,546 

0.608 

24 

0.569 

0.631 

25 

0,592 

0.653 

.900 

.950 

.990 

0.052 

0.067 

0.101 

0.087 

0.105 

0.144 

0.119 

0,139 

0.181 

0.148 

0.170 

0.215 

0.177 

0.200 

0,246 

0.205 

0.229 

0.277 

0.232 

0.256 

0.306 

0.258 

0.284 

0.334 

0.284 

0.310 

0.361 

0.310 

0.336 

0.388 

0.335 

0.362 

0.414 

0.360 

0.387 

0.439 

0.385 

o.a2 

0.464 

0.409 

0.437 

0.489 

0.433 

0.461 

0.513 

0.457 

0.485 

0.537 

0.481 

0.508 

0.560 

0.5C4 

0.532 

0.583 

C.527 

0.555 

0.605 

0.550 

0.577 

0.627 

0.573 

0.600 

0.649 

0.596 

0.622 

0.671 

0.618 

0.644 

0.692 

0.640 

0.666 

0.712 

0.662 

0.688 

0.733 

0.684 

0.709 

0.753 

.995 

0.115 

0.160 

0,198 

0.232 

0.264 

0,295 

0.324 

0,353 

0.380 

0.407 

0,433 

0,459 

0,48/. 

0,508 

0,532 

0,555 

0,578 

0,601 

0,623 

0,645 

0,667 

0,688 

0,708 

0.728 

0.748 

0.768 


Appendix  3B 


Table  I  (continued) 


V 

C  =  .500 

.800 

.90c 

.950 

.990 

.995 

r 

0 

0.C15 

0.035 

0.050 

0.065 

0.099 

0.113 

1 

0.037 

0.066 

0.085 

0.103 

o.ia 

0.157 

2 

0.060 

0.094 

0.116 

0.136 

0.177 

0.194 

3 

0.082 

0.121 

0.145 

0.166 

0.210 

0.227 

4 

0.105 

0.148 

0.173 

0.196 

0.2a 

0.259 

5 

0.127 

0.173 

0.200 

0.224 

0.271 

0.289 

6 

0.150 

0.199 

0.227 

0.251 

0.299 

0.318 

7 

0.172 

0.223 

0.253 

0.278 

0.327 

0.346 

8 

0.195 

0.248 

0.278 

0.304 

0.354 

0.373 

9 

0.218 

0.272 

0.303 

0.329 

0.380 

0.399 

10 

0.240 

0.297 

0.328 

0.354 

0.406 

0.425 

11 

0.263 

0.321 

0.352 

0.379 

0.431 

0.450 

12 

0.285 

0.344 

0.376 

0.404 

0.455 

0.474 

13 

0.308 

0.368 

0.40c 

0.428 

0.479 

0.498 

14 

0.330 

0.391 

0.424 

0.451 

0.503 

0.522 

15 

0.353 

o.a5 

0.447 

0.475 

0.526 

0.545 

16 

0.375 

0.438 

0.471 

0.498 

0.549 

0.568 

17 

0.398 

0.461 

0.494 

0.521 

0.572 

0.590 

18 

0.421 

0.463 

0.516 

0.544 

0.594 

0.612 

19 

0.443 

0.506 

0.539 

0.566 

0.616 

0.633 

20 

0.466 

0.529 

0.561 

0.588 

0.637 

0.655 

21 

0.4S8 

0.551 

0.584 

0.610 

0.658 

0.675 

22 

0.511 

0.573 

0.606 

0.632 

0.679 

0.696 

23 

0.533 

0.596 

0.627 

C.653 

0.699 

0.716 

24 

0.556 

0.618 

0.649 

0.674 

0.720 

0.735 

25 

0.578 

0.640 

0.671 

0.695 

0.739 

0.755 

26 

0.601 

0.661 

0.692 

0.716 

0.759 

0.774 
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Tabl*  I  (contlnuad) 


F 

o 

II 

• 

o 

o 

.800 

.900 

.950 

.990 

0 

0.015 

0.035 

0.049 

0.064 

0.097 

1 

0.037 

0.065 

0.083 

0.101 

0.138 

2 

0.058 

0.092 

0.113 

0.133 

0.173 

3 

0.080 

0.119 

0.142 

0.163 

0.206 

4 

0.103 

0.144 

0.169 

0.191 

0.236 

5 

0.125 

0.170 

0.196 

0.219 

0.265 

6 

0.147 

0.194 

0.222 

0.246 

0.293 

7 

0.169 

0.219 

0.247 

0.272 

0.3a 

8 

0.191 

0.243 

0.272 

0.297 

0.347 

9 

0.213 

0.267 

0.297 

0.323 

0.373 

10 

0.235 

0,290 

0.321 

0.347 

0.398 

11 

0.257 

0.314 

0.345 

0.372 

0.422 

12 

0.279 

0.337 

0.369 

0.395 

0.446 

13 

0.301 

0.360 

0.392 

0.419 

0.470 

14 

0.323 

0.383 

o.a5 

0.442 

0.493 

15 

0.345 

0.406 

0.438 

0.465 

0.516 

16 

0.367 

0.428 

0.461 

0.488 

0.539 

17 

0.389 

0.451 

0.484 

0.511 

0.561 

18 

0.411 

0.473 

0.506 

0.533 

0.583 

19 

0.433 

0.496 

0.528 

0.555 

0.604 

20 

0.455 

C.518 

0.550 

0.577 

0.626 

21 

0.477 

0.540 

0.572 

0.598 

0.646 

22 

0.500 

0.562 

0.594 

0.620 

0.667 

23 

0.522 

0.583 

0.615 

0.641 

0.687 

24 

0.544 

0.605 

0.636 

0,662 

0.707 

25 

a/ 

0.566 

0.627 

0.657 

0.682 

0.727 

26 

0.588 

0,648 

0.678 

0.703 

0.746 

27 

0.610 

0.669 

0.699 

0.723 

0.765 

.995 

0.111 

0.153 

0.190 

0.223 

0.254 

0.283 

0.312 

0.339 

0.366 

0.391 

0.417 

0.441 

0.465 

0.489 

0.512 

0.535 

0.557 

0.579 

0.601 

0.622 

0.643 

0.663 

0.684 

0.703 

0.723 

0.742 

0.761 

0.779 
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Table  I  (continued) 


=  .50c 

.800 

.900 

.950 

.990 

.995 

0.C14 

0.034 

0.048 

0.063 

0.095 

0.108 

0.036 

0.063 

0.081 

0.099 

0.135 

0.15c 

0.057 

0.090 

0.111 

0.130 

0.170 

0.186 

0.079 

0.116 

0.139 

0.160 

0.202 

0.218 

O.IOC 

0.141 

0.166 

C.188 

0.232 

0.249 

0.122 

0.166 

0.192 

0.215 

0.260 

0.278 

0.143 

0.190 

0.217 

0.2a 

0.288 

O.306 

0,165 

C.214 

0.242 

0.266 

0.314 

0.332 

0,187 

0.238 

0.267 

0.291 

0.340 

0.359 

0.208 

0.261 

0.291 

0.316 

0.365 

0.384 

0.230 

0.284 

0.315 

0.340 

0.39c 

0.409 

0.251 

0.307 

0.338 

0.364 

0.414 

0.433 

0.273 

0.330 

0.361 

0.388 

0.438 

0.457 

0.294 

0.353 

0.384 

0.411 

0.461 

0.480 

0.316 

0.375 

0.407 

0.434 

0.484 

0.503 

0.338 

0.397 

0.430 

0.456 

0.507 

0.525 

0.359 

0.420 

0.452 

0.479 

0.529 

0.547 

0.381 

0.442 

0.474 

0.501 

0.551 

0.569 

0.402 

0.464 

0.496 

0.523 

0.572 

0.590 

0.424 

0.486 

0.516 

0.544 

0.594 

0.611 

0.446 

0.507 

0.539 

0.566 

0.614 

0.632 

0.467 

0.529 

0.561 

0.587 

0.635 

0.652 

0.489 

0.550 

0.582 

0.608 

0.655 

0.672 

0.510 

0.572 

0.603 

0.629 

0.675 

0.692 

0.532 

0.593 

0.624 

0.649 

0.695 

0.711 

0.553 

0.614 

0.645 

0.670 

0.714 

0.730 

C.575 

0.635 

0.665 

0.69c 

0.733 

0.748 

0.597 

0.656 

0.686 

0.710 

0.752 

0.767 
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Tnble  1  (continued) 


m 

C  =  .500 

.800 

.900 

.950 

.990 

.995 

F 

0 

0.014 

0.033 

0.047 

0.061 

0.093 

0.106 

1 

0.035 

0.062 

0.080 

0.097 

0.133 

0.147 

2 

0.056 

0.088 

0.109 

0.127 

0.167 

0.182 

3 

0.077 

0.114 

0.136 

0.156 

0.198 

0.214 

4 

0.098 

0.138 

0.162 

0.184 

0.227 

0.244 

5 

0.119 

0.163 

0.188 

o.ao 

0.255 

0/272 

6 

0.140 

0.186 

0.213 

0.236 

0.282 

0.300 

7 

0.162 

o.ao 

0.237 

0.261 

O.3O8 

0.326 

8 

0.183 

0.233 

0.261 

0.286 

0.334 

0.352 

9 

0.204 

0.256 

0.285 

0.310 

0.358 

0.377 

10 

0.225 

0.278 

O.3O8 

0.334 

0.383 

C.4OI 

11 

0.246 

0.301 

0.331 

0.357 

0.407 

0.425 

12 

0.267 

0.323 

0.354 

0.380 

0.430 

0.448 

13 

0.288 

0.345 

0.377 

0.403 

0.453 

0.471 

14 

0.309 

0.368 

0,399 

0.425 

0.475 

0.494 

15 

0.331 

0.389 

0.421 

0.448 

0.498 

0.516 

16 

0.352 

0.411 

0.443 

0.470 

0.519 

0.538 

17 

0.373 

0.433 

0.465 

0.491 

0.5a 

0.559 

18 

0.394 

0.454 

0.486 

0.513 

0.562 

0.580 

19 

0.a5 

0.476 

0.508 

0.534 

0.583 

0.601 

20 

0.436 

0.497 

0.529 

0.555 

0.604 

0.62i 

21 

0.457 

0.518 

0.550 

0.576 

0.624 

0.641 

22 

0.478 

0.539 

0.571 

0.597 

0.644 

0.661 

23 

0.500 

0.560 

0.592 

0.617 

0.664 

0.680 

24 

0.5a 

0.581 

0.612 

0.637 

0.683 

0.699 

25 

0.542 

0.602 

0.633 

0.657 

0.702 

0.718 

26 

0.563 

0.623 

0.653 

0.677 

0.721 

0.736 

27 

0.584 

0.643 

0.673 

0.697 

0.740 

0.754 

28 

0.605 

0.664 

0.693 

0.716 

0.758 

0.772 
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Table  I  (continued) 


p 

C  =  .500 

e 

8 

.900 

.950 

.990 

.995 

r 

0 

0.014 

0.032 

0.046 

0.060 

0,091 

0.104 

1 

0.034 

0.061 

0.078 

0.095 

0,130 

0.144 

2 

0.055 

0.087 

0.107 

0.125 

0.163 

0.179 

3 

0.075 

0.111 

0.133 

0,153 

0.194 

0.210 

4 

0.096 

0.136 

0.159 

0.180 

0.223 

0.239 

5 

0.117 

0.159 

0.184 

0.206 

0.250 

0.267 

6 

0.137 

0.182 

0.209 

0.231 

0.277 

0.294 

7 

0.158 

0.205 

0.233 

0.256 

0.302 

0.320 

8 

0.179 

0.228 

0.256 

0,280 

0.327 

0.345 

9 

0.200 

0.251 

0.279 

0.304 

0.352 

0.370 

10 

0.220 

0.273 

0.302 

0.327 

0.376 

0,394 

11 

0.241 

0.295 

0.325 

0,350 

0.399 

0.a7 

12 

0.262 

0.317 

0.347 

0,373 

0,422 

0.440 

13 

0.282 

0.339 

0.369 

0.395 

0.U5 

0.463 

14 

0.303 

0.360 

0.391 

0,a7 

0,467 

0.485 

15 

0.324 

0.382 

0.413 

0.439 

0,489 

0,507 

16 

0.344 

0.403 

0.435 

0.461 

0,510 

0,528 

17 

0.365 

0.424 

0.456 

0.482 

0.531 

0.549 

18 

0.386 

0.445 

0.477 

0.503 

0.552 

0,570 

19 

0.406 

0.466 

0.498 

0.524 

0.573 

0.590 

20 

0.427 

0.467 

0.519 

0.545 

0.593 

0.610 

21 

0.448 

0.508 

0.540 

0.566 

0.613 

0,630 

22 

0.468 

0.529 

0.560 

0.586 

0.633 

0,650 

23 

0.489 

0.549 

0.581 

0.606 

0.652 

0.669 

24 

0.510 

0.570 

0.6C' 

0.626 

C.672 

0.688 

25 

0.531 

0.590 

0.621 

0.646 

0.690 

0.706 

26 

0.551 

0.611 

0.6a 

0.665 

0.709 

0.725 

27 

0.572 

0.631 

0.661 

0.665 

0.727 

0.742 

28 

0.593 

0.651 

0.680 

0.704 

0.746 

0.760 
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T«bl«  I  (continutd) 


II 

• 

O 

O 

.800 

.900 

.950 

.990 

.995 

0.014 

0.032 

0.045 

0.059 

0.089 

0.102 

0.034 

0.059 

0.077 

0.093 

0.127 

0.142 

0.054 

0.065 

0.104 

0.122 

0.160 

0.175 

0.074 

0.109 

0.131 

0.150 

0.190 

0.206 

0.094 

0.133 

0.156 

0.177 

0.219 

0.235 

0.114 

0.156 

0.181 

0.202 

0.246 

0.262 

0.135 

0.179 

0.205 

0.227 

0.272 

0.289 

0.155 

0.201 

0.228 

0.251 

0.297 

0.314 

0.175 

0.224 

0.251 

0.275 

0.321 

0.339 

0.195 

0.246 

0.274 

0.298 

0.345 

0.363 

0.216 

0.268 

0.296 

0.321 

0.369 

0.387 

0.236 

0.289 

0.319 

0.3U 

0.392 

O.ao 

0.256 

0.311 

0.3a 

0.366 

0.414 

0.433 

0.277 

0.332 

0.362 

0.388 

0.437 

0.455 

0.297 

0.353 

0.384 

o.ao 

0,459 

0.477 

0.317 

0.374 

0.405 

0.431 

0.480 

0.498 

0.337 

0.395 

0.426 

0.452 

0.501 

0.519 

0.358 

0.416 

0.447 

0.473 

0.522 

0.540 

0.378 

0.437 

0.468 

0.494 

0.543 

0.560 

0.398 

0.457 

0.489 

0.515 

0.563 

0.580 

0.a8 

0.478 

0.509 

0.535 

0.583 

0,600 

0.439 

0.498 

0.530 

0.555 

0.603 

0.620 

0.459 

0.519 

0.550 

0.575 

0.622 

0.639 

0.479 

0.539 

0.570 

0.595 

0,6a 

0.658 

0.500 

0.559 

0.590 

0.615 

0,660 

0.677 

0.520 

0.579 

0.610 

0.634 

0.679 

0.695 

0.540 

0.599 

0.629 

0.654 

0.698 

0.713 

0.560 

0,619 

0.649 

0.673 

0.716 

0.731 

0.581 

0.639 

0.668 

0.691 

0.734 

0.748 

0.601 

0,658 

0.687 

0.710 

0.751 

0.766 
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T«ble  I  (continuad) 


V 

C  =  .500 

.800 

.900 

.950 

.990 

.995 

f 

0 

0.013 

0.031 

0.045 

0.056 

0.087 

0.100 

1 

0.033 

0.05S 

0.C75 

0.091 

0.125 

0.139 

2 

0.053 

0.083 

0.102 

0.120 

0.157 

0.172 

3 

0.072 

0.107 

0.128 

0.147 

0.187 

0.202 

4 

0.092 

0.130 

0.153 

0.173 

0.215 

0.231 

5 

0.112 

0.153 

0.177 

0.198 

0.241 

0.258 

6 

0.132 

0.175 

0.201 

0.223 

0.267 

0.284 

7 

0.152 

0.197 

0.224 

0.246 

0.291 

0.309 

g 

0.172 

0.219 

0.246 

0.270 

0.316 

0.333 

9 

0.192 

0.2a 

0.269 

0.293 

0.339 

0.357 

10 

0.211 

0.262 

0.291 

0.315 

0.362 

0.380 

11 

0.231 

0.284 

0.313 

0.337 

0.365 

0.403 

12 

0.251 

0.305 

0.334 

0.359 

0.407 

0.425 

13 

0.271 

0.326 

0.356 

0.361 

0.429 

0.447 

14 

0.291 

0.346 

C.377 

0.402 

0.451 

0.468 

15 

0.311 

0.367 

0.396 

0.123 

0.472 

0.489 

16 

0.331 

0.388 

0.416 

0.444 

0.493 

0.510 

17 

0.351 

0.408 

0.439 

0.465 

C.513 

0.531 

18 

0.370 

0.429 

0.460 

0.465 

0.533 

0.551 

19 

0.390 

0.U9 

0.460 

0.506 

0.553 

0.571 

20 

0.410 

0.469 

0.500 

0.526 

0.573 

0.590 

21 

0.430 

0.469 

0.520 

0.546 

0.593 

0.610 

22 

0.450 

0.509 

0.540 

0.565 

0.612 

0.629 

23 

0.470 

0.529 

0.560 

0.585 

0.631 

0.647 

24 

0.490 

0.549 

0.579 

0.604 

0.650 

0.6^ 

25 

0.509 

0.568 

0.599 

0,623 

C.668 

C.684 

26 

0.529 

0.588 

0,618 

0.642 

0.686 

0.702 

27 

0.549 

0.607 

0.637 

0.661 

0.704 

0.720 

28 

0.569 

0.627 

0.656 

0.680 

0,722 

0.737 

29 

0.589 

0.646 

0.675 

0.698 

0.740 

0.754 

30 

0.609 

0.665 

0.694 

0.716 

0.757 

0.771 
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Tible  I  (continued) 


F 

C  =  .500 

.800 

.900 

.950 

.990 

0 

0.012 

0.028 

0.041 

0.053 

0.080 

1 

0.030 

0.053 

0.068 

0.083 

0.014 

2 

0.048 

0.076 

0.093 

0.110 

0.144 

3 

0.066 

0.097 

0.117 

0.134 

0.171 

4 

0.084 

0.119 

0.140 

0.158 

0.196 

5 

0.102 

0.139 

0.162 

0.181 

0.221 

6 

0.120 

0.160 

0,183 

0.204 

0.244 

7 

0.138 

0.180 

0.204 

0.225 

0.267 

8 

0.156 

0.200 

0.225 

0.247 

0.289 

9 

0.174 

0.220 

0.245 

0.268 

0.311 

10 

0.192 

0.239 

0.266 

0.288 

0.333 

11 

0.210 

0.259 

0.286  ■ 

0.309 

0.354 

12 

0.228 

0.278 

0.306 

0.329 

0.374 

13 

0.247 

0.297 

0.325 

0.349 

0.394 

14 

0.265 

0.316 

0.345 

0.368 

0.414 

15 

0.283 

0.335 

0.364 

0.388 

0.434 

16 

0.301 

0.354 

0.383 

0.407 

0.453 

17 

0.319 

0.373 

0.402 

0.426 

0.473 

18 

0.337 

0.391 

0.421 

0.U5 

0.491 

19 

0.355 

0.410 

0.440 

0.464 

0.510 

20 

0.373 

0.429 

0.458 

0.483 

0.529 

21 

0.391 

0.447 

0.477 

0.501 

0.547 

22 

0.409 

0.465 

0.495 

0.519 

0.565 

23 

0.427 

0.484 

0.513 

0.537 

0.583 

24 

0.445 

0.502 

0.531 

0.555 

0.600 

25 

0.463 

0.520 

0.549 

0.573 

0.618 

.995 

0.091 

0.127 

0.157 

0.185 

0.211 

0.236 

0.260 

0.283 

0.306 

0.328 

0.349 

0.370 

0.391 

0.411 

0.431 

0.451 

0.470 

0.489 

0.508 

0.527 

0.545 

0.563 

0.581 

0.599 

0.616 

0.634 
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Table  I  (continued) 


If* 

o 

II 

• 

8 

.600 

.900 

.950 

.990 

.995 

JT 

0 

0.011 

C.C26 

0.037 

0.048 

0.073 

0.084 

1 

0.027 

0.049 

0.063 

0.076 

0.105 

0.117 

2 

0.044 

0.069 

0.086 

0.101 

0.132 

0.145 

3 

0.060 

0.090 

0.107 

0.124 

0.157 

0.171 

4 

0.077 

0.109 

0.128 

0.146 

0.181 

0.195 

5 

0.093 

0.128 

0.149 

0.167 

0.204 

0.218 

6 

0.110 

0.147 

0.168 

0.187 

0.225 

0.240 

7 

0.127 

0.165 

0.168 

0.207 

0.247 

0.262 

8 

0.143 

0.184 

0.207 

0.227 

0.267 

0.283 

9 

0.160 

0.202 

0.226 

0.247 

0.287 

0.303 

10 

0.176 

0.220 

0.245 

0.266 

0.307 

0.323 

11 

0.193 

0.238 

0.263 

0.285 

0.327 

0.343 

12 

0.209 

0.256 

0.281 

0.303 

0.346 

0.362 

13 

0.226 

0.273 

0.299 

0.322 

0.365 

0.381 

14 

0.243 

0.291 

0.317 

0.340 

0.383 

0.400 

15 

0.259 

0.308 

0.335 

0.358 

0.402 

0.a8 

16 

0.276 

0.326 

0.353 

0.376 

0.420 

0.436 

17 

0.292 

0.343 

0.371 

0.394 

0.438 

0.454 

18 

0.309 

0.360 

0.388 

0.411 

0.455 

0.472 

19 

0.325 

0.377 

0.405 

0.429 

0.473 

0.489 

20 

0.342 

0.394 

0.423 

0.446 

0.490 

0.506 

21 

0.359 

0.411 

0.440 

0.463 

0.507 

0.523 

22 

0.375 

0.428 

0.457 

0.480 

0.524 

0.540 

23 

0.392 

0.445 

0.474 

0.497 

0.5a 

0.557 

24 

0.408 

0.462 

0.490 

0.514 

0.557 

0.573 

25 

0.425 

0.479 

0.507 

0.531 

0.574 

0.590 
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Table  I  (continued) 


IP 

C  =  .500 

.800 

.900 

.950 

.990 

.995 

r 

0 

0.010 

0.024 

0.034 

0.045 

0.068 

0.078 

1 

0.025 

0.045 

0.058 

0.070 

0.097 

0.108 

2 

0.040 

0.064 

0.079 

0.093 

0.123 

0.134 

3 

0.056 

0.083 

0.099 

0.114 

0.146 

0.158 

4 

0.071 

0.101 

0.119 

0.135 

0.168 

0.181 

5 

0.086 

0.116 

0.138 

0.154 

0.189 

0.202 

6 

0.102 

0.136 

0.156 

0.174 

0.209 

0.223 

7 

0.117 

0.153 

0.174 

0.192 

0.229 

0.243 

8 

0.132 

0.170 

0.192 

o.ai 

0.248 

0.263 

9 

0.147 

0.187 

0.209 

0.229 

0.267 

0.282 

10 

0.163 

0.204 

0.227 

0.246 

0.286 

0.300 

11 

0.178 

0.220 

0.244 

0.264 

0.304 

0.319 

12 

0.193 

0.237 

0.261 

0.281 

0.322 

0.337 

13 

0.209 

0.253 

0.278 

0.299 

0.339 

0.355 

14 

0.224 

0.269 

0.294 

0.316 

0.357 

0,372 

15 

0.239 

0.285 

0.311 

0.332 

0.374 

0.389 

16 

0.255 

0.302 

0.327 

0.349 

0.391 

0.406 

17 

0.270 

0.318 

0.344 

0.366 

O.4O8 

0.423 

18 

0.285 

0.334 

0.360 

0.382 

0.424 

0.440 

19 

0.301 

0.350 

0.376 

0.398 

0.441 

0.456 

20 

0.316 

0.365 

0.392 

o.a4 

0.457 

0.472 

a 

0.331 

0.381 

0.408 

0.430 

0.473 

0.488 

22 

0.346 

0.397 

0.424 

0.446 

0.489 

0.504 

23 

0.362 

o.a3 

0.440 

0.462 

0.505 

0.520 

24 

0.377 

0.428 

0.455 

0.478 

0.520  . 

0.536 

25 

0.392 

0.444 

0.471 

0.494 

0.536 

0.551 
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Table  I  (continued) 


8 

• 

II 

o 

.800 

.900 

.950 

.990 

.995 

r 

0 

0.009 

0.022 

0.032 

p.oa 

0.063 

0.072 

1 

0.023 

0.042 

0.054 

0.065 

0.091 

0.101 

2 

0.038 

0.060 

0.074 

0.087 

0.114 

0.125 

3 

0.052 

0.077 

0.092 

0.107 

0.136 

0.148 

4 

0.066 

0.094 

0.110 

0.126 

0.156 

0,169 

5 

0.080 

0.110 

0.128 

0.144 

0.176 

0.189 

6 

0.094 

0.126 

0.145 

0.162 

0.195 

0.208 

7 

0.109 

0.142 

0.162 

0.179 

0.214 

0.227 

8 

0.123 

0.158 

0.179 

0.196 

0.232 

0.245 

9 

0.137 

0.174 

0.195 

0.213 

0.249 

0.263 

10 

0.151 

0.189 

0.211 

0.230 

0.267 

0.281 

n 

0.165 

0.205 

0.227 

0.246 

0.284 

0,298 

12 

0.180 

0.220 

0.243 

0.262 

0.301 

0.315 

13 

0.194 

0.235 

0.259 

C.278 

0.317 

0.332 

14 

0.208 

0.251 

0.274 

0 . 294 

0.333 

0.348 

15 

0.222 

0.266 

0.290 

0.310 

0.350 

0.364 

16 

0.236 

0.281 

0.305 

0.326 

0.366 

0.380 

17 

0.251 

0.296 

0.320 

0.3a 

0.381 

0.396 

18 

0.265 

0.311 

0.336 

0.357 

0.397 

0.412 

19 

0.279 

0.325 

0.351 

0.372 

0.a2 

0.427 

20 

0.293 

0.340 

0.366 

0.387 

0.428 

0.443 

21 

0.308 

0.355 

0.381 

0.402 

0.443 

0.458 

22 

0.322 

0.370 

0.395 

o.a7 

0.456 

0.473 

23 

0.336 

0.384 

o.ao 

0.432 

0.473 

0.488 

24 

0.350 

0.399 

0.425 

0.447 

0.487 

0.502 

25 

0.364 

0.413 

0.44C 

0.461 

0.502 

0.517 
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Table  I  (continued) 


V 

8 

• 

II 

o 

.800 

.900 

.950 

.990 

.995 

r 

0 

0.009 

o.oa 

0.030 

0.039 

0.059 

0.068 

1 

0.022 

0.039 

0.050 

0.061 

0.085 

0.094 

2 

0.035 

0.056 

0.069 

0.061 

0.107 

0.117 

3 

0.048  ' 

0.072 

0.086 

O.IOC 

0.127 

0.138 

4 

0.062 

0.087 

0.103 

0.117 

0.147 

0.158 

5 

0.075 

0.103 

0.120 

0.135 

0.165 

0.177 

6 

0.088 

0.118 

0.136 

0.151 

0.183 

0.195 

7 

0.101 

0.133 

0.151 

0.168 

0.200 

0.213 

8 

0.115 

0.148 

0.167 

0.184 

0.217 

0.230 

9 

0.128 

0.162 

0.182 

0.200 

0.234 

0.247 

10 

0.141 

0.177 

0.197 

0.215 

0.250 

0.264 

11 

0.154 

0.191 

0.212 

0.231 

0.266 

0.280 

12 

0.168 

0.206 

0.227 

0.246 

0.282 

0.296 

13 

0.181 

0.220 

0.242 

0.261 

0.298 

0.312 

14 

0.194 

0.234 

0.257 

0.276 

0.313 

0.327 

15 

0.207 

0.249 

0.271 

0.291 

0.328 

0.342 

16 

0.2a 

0.263 

0.286 

0.305 

0.343 

0.358 

17 

0.234 

0.277 

0.300 

0.320 

0.358 

0.372 

18 

0.247 

0.291 

0.3U 

0.334 

0.373 

0.387 

19 

0.261 

0.305 

0.328 

0.349 

0.387 

0.402 

20 

0.274 

0.318 

0.343 

0.363 

0.4C2 

o.a6 

21 

0.287 

0.332 

0.357 

0.377 

o.a6 

0./s31 

22 

0.300 

0.346 

0.371 

0.391 

0.430 

0.U5 

23 

0.314 

0.360 

0.384 

0.405 

0.445 

0.459 

24 

0.327 

0.373 

0.398 

o.a9 

0.459 

0.473 

25 

0.340 

0.387 

0.412 

0.433 

0.472 

0.487 
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Table  I  (continued) 


1? 

C  =  .500 

.800 

.900 

.950 

.990 

.995 

£ 

0 

0.008 

0.019 

0.028 

0.036 

0.055 

0.064 

1 

0.020 

0.036 

0.047 

0.057 

0.080 

0.089 

2 

0.033 

0.052 

0.065 

0.076 

0.100 

0.110 

3 

0.045 

0.067 

0.081 

0.094 

0,120 

0.130 

4 

0.058 

0.082 

C.097 

0.110 

0.138 

0.149 

5 

0.070 

0.097 

0.112 

0.126 

0.155 

0.166 

6 

0.063 

0.111 

0.127 

0.142 

0.172 

0.184 

7 

0.095 

0.125 

0.142 

0.158 

0.188 

0.200 

8 

0.107 

0.139 

0.157 

0.173 

0.204 

0.217 

9 

0.120 

0.153 

0.171 

0.188 

0.220 

0.233 

10 

0.132 

0.166 

0.186 

0.202 

0.236 

0.248 

11 

0.145 

0.180 

0.200 

0.217 

0.251 

0.264 

12 

0.157 

0.193 

0.214 

0.231 

0.266 

0.279 

13 

0.170 

0.207 

0.228 

0.245 

0.280 

0.294 

14 

0.182 

0.220 

0.241 

0.259 

0.295 

0.308 

15 

0.195 

0.233 

0.255 

0.273 

0.309 

0.323 

16 

0.207 

0.247 

0.269 

0.287 

0.324 

0.337 

17 

0.219 

0.260 

0.282 

0.301 

0.338 

0.351 

16 

0.232 

0.273 

0.296 

0.315 

0.352 

0.365 

19 

0.244 

0.286 

0.309 

0.328 

0.365 

0.379 

20 

0.257 

0.299 

0.322 

0.342 

0.379 

0.393 

21 

0.269 

0.312 

0.335 

0.355 

0.393 

0.407 

22 

0.282 

0.325 

0.349 

0.368 

0.406 

0.420 

23 

0.294 

0.338 

0.362 

0.382 

0.420 

0.434 

24 

0.307 

0.351 

0.375 

0.395 

0.433 

0.447 

25 

0.319 

0.364 

0.388 

0.408 

0,446 

0.460 
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Table  I  (continued) 


o 

o 

w^ 

• 

II 

.800 

.900 

0.008 

0.018 

0.026 

0.019 

0.034 

0.044 

0.031 

0.049 

0.061 

0.043 

0.063 

0.076 

0.054 

0.077 

0.091 

C.066 

C.091 

0.106 

0.078 

0.104 

0.120 

0.089 

0.118 

0.134 

0.101 

0.131 

0.148 

0.113 

0.144 

0.161 

0.125 

0.157 

C.175 

0.136 

0.169 

C.188 

0.148 

0.182 

0.202 

0.160 

0.195 

0.215 

0.171 

0.207 

0.228 

0.183 

0.220 

0.241 

0.195 

0.233 

0.253 

0.207 

0.245 

0.266 

0.218 

0.257 

0.279 

‘0.230 

0.270 

0.292 

0.242 

0.282 

0.304 

0.253 

0.294 

0.317 

0.265 

0.307 

0.329 

0.277 

0.339 

0.341 

0.289 

0.331 

0.354 

0.300 

0.343 

0.366 

.950 

.990 

.995 

0.034 

0.052 

0.060 

0.054 

0.075 

0.084 

0.072 

0.095 

0.104 

0.088 

0.113 

0.123 

0.104 

0.130 

0.140 

0.119 

0.146 

0.157 

0.134 

0.162 

0.173 

0.149 

0.178 

0.189 

0.163 

0.193 

0.205 

0.177 

0.208 

0.220 

0.191 

0.223 

0.235 

0.205 

0.237 

0.249 

0.218 

0.251 

0.264 

0.232 

0.265 

0.278 

0.245 

0.279 

0.292 

0.258 

0.292 

0.305 

0.271 

0.306 

0.319 

0.284 

0.319 

0.332 

0.297 

0.333 

0.346 

0,310 

0.346 

0.359 

0.323 

0.359 

0.372 

0.335 

0.372 

0.385 

0.348 

0.384 

0.398 

0.361 

0.397 

0.411 

0.373 

0.410 

0.423 

0.385 

0.422 

0.436 
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Table  I  (continued) 


F 

0 

C  =  .500 

.800 

.900 

.950 

.990 

.995 

0.007 

0.017 

0.025 

0.032 

0.049 

0.057 

1 

0.018 

0.032 

0.042 

0.051 

0.071 

0.079 

2 

0.029 

0.046 

0.058 

0.068 

0.090 

0.098 

3 

0.040 

0.060 

0.072 

0.083 

0.107 

0.116 

4 

0.051 

0.073 

0.086 

0.098 

0.123 

0.133 

5 

0.062 

0.086 

C.lOO 

0.113 

0.139 

0.149 

6 

0.073 

0.099 

0.114 

0.127 

0.154 

0.164 

7 

0.084 

0.111 

0.127 

o.ia 

0.169 

0.179 

8 

0.095 

0.124 

0.140 

0.154 

0.183 

0.194 

9 

0.107 

0.136 

0.153 

0.168 

0.197 

0.208 

10 

0.118 

0.148 

0.166 

0.181 

0.211 

0.222 

11 

0.129 

0.160 

0.178 

0.194 

0.224 

0.236 

12 

0.140 

0.172 

0.191 

0.207 

0.238 

0.250 

13 

0.151 

0.184 

0.203 

0.219 

0.251 

0.263 

14 

0.162 

0.196 

0.215 

0.232 

0.264 

0.277 

15 

0.173 

0.208 

0.228 

0.244 

0.277 

0.290 

16 

C.184 

C.220 

0.240 

0.257 

0.290 

0.303 

17 

0.195 

0.^32 

C.252 

0.269 

0.303 

0.316 

18 

0.206 

0.243 

0.264 

0.282 

0.315 

0.326 

19 

0.217 

0.255 

0.276 

0.294 

0.328 

0.3a 

20 

0.228 

0.267 

0.288 

0.306 

0.340 

0.353 

21 

0.239 

0.278 

0.300 

0.318 

0.353 

0.366 

22 

0.250 

0.290 

0.312 

0.330 

0.365 

0.378 

23 

0.262 

0.302 

0.323 

C.342 

0.377 

0.390 

24 

0.273 

0.313 

0.335 

0.354 

0.389 

0.402 

25 

0.284 

0.325 

0.347 

0.365 

0.401 

o.a4 
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Appendix  3B 


Table  I  (continued) 


II 

• 

VJ1 

O 

o 

.800 

.900 

.950 

0.007 

0.016 

0.023 

0.031 

0.017 

0.031 

0-040 

0.048 

0.028 

0.044 

0.055 

0.064 

0.038 

0.057 

0.068 

0.079 

0.048 

0.069 

0.082 

0.093 

0.059 

0.061 

0.095 

0.107 

0.069 

0.093 

0.108 

0.12C 

0.080 

0.105 

0.120 

0.133 

0.090 

0.117 

0.133 

0.146 

0.101 

0.129 

0.145 

0.159 

0.111 

0.140 

0.157 

0.172 

0.122 

0.152 

0.169 

0.184 

0.132 

0.163 

0.181 

0.196 

0.143 

0.175 

0.193 

0.208 

0.153 

0.186 

0.204 

0.220 

0.164 

0.197 

0.216 

0.232 

0.174 

0.209 

0.228 

0.244 

0.185 

0.220 

0.239 

0.256 

0.195 

0.231 

0.251 

0.267 

0.206 

0.242 

0.262 

0.279 

0.216 

0.253 

0.273 

0.391 

0.227 

0.264 

0.285 

0.302 

0.237 

0.275 

0.296 

0.313 

0.248 

0.286 

0.307 

0.325 

0.258 

0.297 

0.318 

0.336 

0.269 

0.308 

0.329 

0.347 

.990 

.995 

0.047 

0.054 

0.067 

0.075 

0.085 

0.093 

0.101 

0.110 

0.117 

0.126 

0.132 

0.141 

0.146 

0.156 

0.160 

0.170 

0.174 

0.184 

0.187 

0.198 

0.200 

0.211 

0.213 

0.225 

0.226 

0.238 

0.239 

0.250 

0.251 

0.263 

0.264 

0.276 

0.276 

0.288 

0.288 

0.300 

0.300 

0.312 

0.312 

0.324 

0.324 

0.336 

0.335 

0.348 

0.347 

0.360 

0.359 

0.371 

0.370 

0.383 

0.382 

0.394 
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Table  1  (continued) 


N 

“loo 


o 

C  =  .5CO 

.800 

.900 

.950 

.990 

.995 

r 

O’ 

0,006 

0.015 

0.022 

0.029 

0.045 

0.051 

1 

0.016 

0.029 

0.038 

0.046 

0.064 

0.071 

2 

0.026 

0.042 

0.052 

0.061 

0.081 

0.089 

3 

0.036 

0.054 

0.065 

0.075 

0.096 

0.105 

4 

0.046 

0.066 

0.078 

0.089 

0.111 

0.12c 

5 

0.056 

C.077 

0.090 

0.102 

0.125 

0.135 

6 

0.066 

0.089 

0.102 

0.114 

0.139 

0.149 

7 

0.076 

0.100 

0.114 

0.127 

0.152 

0.162 

8 

0.066 

0.111 

0.126 

0.139 

0.165 

0.176 

9 

0.096 

C.122 

0.138 

0.151 

0.178 

0.189 

10 

0.106 

0.133 

0.149 

O.I63 

0.191 

0.201 

11 

0.116 

0.144 

0.161 

0.175 

0.203 

0.214 

12 

0.126 

0.155 

0.172 

0.187 

0.215 

0.226 

13 

0.136 

0.166 

0.183 

0.198 

0.228 

0.239 

14 

0.146 

0.177 

0.195 

o.ao 

0.239 

0.251 

15 

0.156 

C.188 

0.206 

0.221 

0.251 

0.263 

16 

0.166 

0.198 

0.217 

0.232 

0.263 

0.275 

17 

0.176 

C.209 

0.228 

0.244 

0.275 

0.286 

18 

0.186 

0.220 

0.239 

0.255 

0.286 

0.298 

19 

0.196 

0.230 

0.249 

0.266 

0.297 

0.309 

20 

0.205 

0.241 

0.260 

0.277 

0.309 

0.321 

21 

o.a5 

0.251 

0.271 

0.288 

0.320 

0.332 

22 

0.225 

0.262 

0.282 

0.299 

0.331 

0.343 

23 

0.235 

0.272 

0.292 

C.309 

0.342 

0.354 

24 

0.245 

0.283 

0.303 

0.32c 

0.353 

0.365 

25 

0.255 

0.293 

0.3U 

0.331 

0 . 364 

0.376 

26 

0.265 

0.303 

0.324 

0.3a 

0.375 

0.387 

27 

0.275 

0.314 

0.335 

0.352 

0.386 

0.398 

28 

0.285 

C.324 

0.345 

0.363 

0.396 

0.409 

29 

0.295 

0.334 

0.356 

0.373 

0.407 

0.420 

30 

0.305 

0.345 

0.366 

0.334 

0.418 

0.430 

31 

0.315 

0.355 

0.376 

0.394 

0.42s 

0.441 

32 

0.325 

0.365 

0.387 

0.4C5 

0.439 

0.451 

33 

0.335 

0.375 

0.397 

o.a5 

0.449 

0.462 

34 

0.345 

0.386 

0.407 

0.425 

0.459 

0.472 

35 

0.355 

0.396 

c.4ie 

0.456 

0.470 

0.482 

36 

0.365 

0.406 

0.428 

0.446 

0.480 

0.493 

37 

0.375 

C.416 

0.438 

0.456 

0.490 

0.503 

38 

0.385 

0.426 

0.44E 

C.466 

0.500 

0.513 

39 

0.395 

0.436 

0.458 

0.476 

0.511 

0.523 

40 

0.405 

0.446 

0.468 

0.487 

0.521 

0.533 

41 

o.a5 

0.456 

0.478 

0.497 

0.531 

0.543 

42 

0.425 

0.467 

0.489 

0.507 

0.541 

0.553 

43 

0.435 

0.477 

0.499 

0.517 

0.551 

0.563 

44 

0.445 

0.487 

0.509 

0.527 

0.560 

0.573 

45 

0.455 

C.497 

0.519 

0.537 

0.570 

0.582 

46 

0.465 

0.507 

0.529 

0.547 

0.580 

0.592 

47 

0.475 

0.517 

0.538 

0.556 

0.590 

0.602 

48 

0.485 

0.527 

0.548 

0.566 

0.60C 

0.612 

49 

0.495 

0.536 

0.558 

0.576 

0.609 

0.621 

50 

0.504 

0.546 

0.568 

0.586 

0.619 

0.631 
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Table  I  (continued) 


N 

”  no 


F 

0 

C  =  .500 

.80C 

.900 

.950 

.990 

.995 

0.006 

0.014 

0.020 

0.026 

0.041 

0.047 

1 

0.015 

0.026 

0.034 

0.042 

0.058 

0.065 

2 

0.024 

0.038 

0.047 

0.056 

0.074 

0.081 

3 

0.033 

0.049 

0.059 

0.068 

0.088 

0.096 

4 

0.042 

0.060 

0.071 

0.081 

0.101 

0.110 

5 

0.051 

0.070 

0.082 

0.093 

0.114 

0.123 

6 

0.060 

0.081 

0.093 

0.104 

0.127 

0.136 

7 

0.069 

0.091 

0.104 

0.116 

0.139 

0.148 

8 

0.078 

0.101 

0.115 

0.127 

0.151 

0.160 

9 

0.087 

0.111 

0.126 

0.138 

O.I63 

0,172 

10 

0.096 

0.122 

0.136 

0.149 

0.174 

0.184 

11 

0.105 

0.132 

Q.I47 

0.160 

0.186 

0.196 

12 

0.114 

0.141 

0.157 

0.170 

0.197 

0.207 

13 

0.123 

0.151 

0.167 

0.181 

0.206 

0.218 

14 

0.132 

0.161 

0.177 

0.191 

0.219 

0.229 

15 

0.142 

0.171 

0.187 

0.202 

0.230 

0.240 

16 

0.151 

0.181 

0.196 

0.212 

0.240 

0.251 

17 

0.160 

0.190 

C.208 

0.222 

0.251 

0.262 

18 

0.169 

0.200 

0.218 

0.232 

0.262 

0.273 

19 

0.178 

0.210 

0.227 

0.243 

0.272 

0.283 

20 

0.187 

0.219 

0.237 

0.253 

0,282 

0.294 

21 

0.196 

0.229 

0.247 

0.263 

0.293 

0.304 

22 

0.205 

0.238 

0.257 

0.273 

0.303 

0.314 

23 

0.214 

0.248 

0.267 

0.283 

0.313 

0.325 

24 

0.223 

0.258 

0.276 

0.292 

0.323 

0.335 

25 

0.232 

0.267 

0.286 

0.302 

0.333 

0.345 

26 

0.241 

0.277 

0.296 

0.312 

0.343 

0.355 

27 

0.250 

0.286 

0,305 

0.322 

0.353 

0.365 

28 

0.259 

0.295 

0.315 

0.331 

0.363 

0.375 

29 

0.268 

0.305 

0.325 

0.341 

0.373 

0.385 

30 

0.277 

0.314 

0.334 

0.351 

0.383 

0.394 

31 

0.287 

0.324 

C.344 

0.360 

0.392 

0.404 

32 

0.296 

0.333 

0.353 

0.370 

0.402 

0,414 

33 

0.305 

0.342 

0.363 

0.379 

0.412 

0.424 

34 

0.314 

0.352 

0.372 

0.369 

0.421 

0.433 

35 

0.323 

0.361 

0.381 

0.398 

0.431 

0.443 

36 

0.332 

0.370 

0.3^1 

0./08 

n.440 

0.452 

37 

0.341 

0.379 

0.400 

0.417 

0.450 

0.462 

38 

0.350 

0.389 

0.4C9 

0.427 

0.459 

0.471 

39 

0.359 

0.398 

o.a9 

0.436 

0.468 

0.480 

40 

0.368 

0.407- 

0.428 

0.445 

0.478 

0.490 

41 

0.377 

o.a6 

9,437 

0.455 

0.487 

0.499 

42 

0.386 

C.426 

0.446 

0.464 

0.496 

0.508 

43 

0.395 

0.435 

0.456 

0.473 

0.506 

0.517 

U 

0.404 

0.444 

0.465 

0.482 

0.515 

0.527 

45 

0.413 

0.453 

0.474 

0.491 

0.524 

0.536 

46 

0.422 

0.462 

0.483 

0.5C1 

0.533 

0.545 

47 

0.432 

0.471 

0.492 

0.510 

0.542 

0.554 

48 

0.441 

0.481 

0.501 

0.519 

0,551 

0.563 

49 

0.450 

0.490 

0.511 

0.528 

0.560 

0.572 

50 

0.459 

0.499 

0.520 

0.537 

0.569 

0.581 
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F 

C  =  .500 

.800 

0 

0.005 

0.013 

1 

0.013 

0.024 

2 

0.022 

C.035 

3 

0.030 

0.045 

4 

0.038 

0.055 

5 

0.047 

0.065 

6 

0.055 

0.074 

7 

0.063 

0.084 

8 

0.072 

0.093 

9 

0.080 

0.102 

10 

0.088 

0.112 

11 

0.096 

o.ia 

12 

0.105 

0.130 

13 

0.113 

0.139 

14 

0.121 

0.148 

13 

0.130 

0.157 

16 

0.138 

0.166 

17 

0.146 

0.175 

18 

0.155 

0.184 

19 

0.163 

0.193 

20 

0.171 

0.201 

21 

0.180 

0.210 

22 

0.188 

0.219 

23 

0.196 

0.228 

24 

0.204 

0.237 

25 

0.213 

C.245 

26 

0.221 

0.254 

27 

0.229 

0.263 

28 

0,238 

0.271 

29 

0.246 

0.280 

30 

0.254 

0.289 

31 

0.263 

0.297 

32 

0.271 

0,306 

33 

0.279 

0.315 

34 

0.286 

0.323 

35 

0.296 

0.332 

36 

0.304 

0.340 

37 

0.313 

0.349 

38 

0.321 

0.357 

39 

0.329 

0.366 

'.0 

0.337 

0.374 

41 

0.346 

0.383 

42 

0.354 

0.391 

43 

0.362 

0.400 

44 

0.371 

0.408 

45 

0.379 

0.417 

46 

0.387 

0.425 

47 

0.396 

0.433 

48 

0,404 

0.442 

49 

0.412 

0.450 

50 

0.421 

0.459 

Tabic  I  (continued) 


.900 

.950 

.990 

.995 

0.019 

0.024 

0.037 

0.043 

0.032 

0.038 

0.054 

0.060 

0.043 

0.051 

0.068 

0.074 

0.054 

0.063 

0.081 

0.088 

0.065 

0.074 

0.093 

0.101 

0.075 

0.085 

0.105 

0.113 

0.086 

0.096 

0.117 

0.125 

0.096 

0.106 

0.128 

0.136 

0.106 

0.1,17 

0.139 

0.148 

0.115 

0.127 

0.150 

0.159 

0.125 

0.137 

0.160 

0.169 

0.135 

C.I47 

0.171 

0.180 

0.144 

0.156 

0.181 

0.191 

0.154 

0.166 

0.191 

0.201 

0.163 

0.176 

0.201 

0.211 

C.172 

0.185 

0.211 

0,221 

0.182 

0.195 

0.221 

0.231 

0.191 

0.204 

0.231 

0,241 

0.200 

0.214 

0.241 

0.251 

C.209 

0.123 

0.251 

0.261 

C.218 

0.232 

0.260 

0,271 

0.227 

0.242 

0.270 

0.280 

0.236 

0.251 

0.279 

0.290 

0.245 

0.260 

0.289 

0.299 

0.254 

0.269 

0.298 

0.309 

0.263 

0.278 

0.307 

0.318 

0.272 

0.287 

0.317 

0,328 

0.281 

0.296 

0.326 

0.337 

0.290 

0.305 

0.335 

0.346 

0.298 

0.314 

0.344 

0.355 

0.307 

0.323 

0.353 

0.364 

0.316 

0.332 

0.362 

0.373 

0.325 

0.3a 

C.371 

0.382 

0.334 

0.349 

0.380 

0.391 

0.342 

0.358 

0.389 

O.4CO 

0.351 

0.367 

0.398 

0.409 

0.360 

0.376 

0.407 

0.418 

0.368 

0.384 

0.415 

0.427 

0.377 

0.393 

0.424 

0.435 

0,385 

0.402 

0.433 

o.z// 

0.394 

o.ao 

0.441 

0.453 

0  e  403 

o.a9 

0.450 

0,462 

c.ai 

0.428 

0.459 

0.470 

0.420 

0.436 

0.467 

0,479 

0.428 

0.445 

0.476 

0.487 

0.437 

0.453 

0.484 

0.496 

0.445 

0.462 

0.493 

0.504 

0.453 

0.470 

0,501 

0.513 

0.462 

0.478 

0.510 

0.521 

0.470 

0,487 

0,518 

0,529 

0.479 

0.495 

0.526 

0.538 
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Table  I  (continued) 


F 

C  =  .500 

.800 

0 

0.0C5 

0.012 

1 

0.012 

0.022 

2 

0.020 

0.C32 

3 

0.028 

0.C42 

4 

0.035 

0.051 

5 

0.043 

0.06C 

6 

0.051 

0.068 

7 

0.058 

0.077 

8 

0.066 

0.086 

9 

0.074 

0.094 

10 

0.081 

0.103 

11 

0.089 

0.112 

12 

0.097 

0.120 

13 

0.104 

0.128 

14 

0.112 

C.137 

15 

0.120 

0.145 

16 

0.127 

0.153 

17 

0.135 

0.162 

18 

0.143 

0.170 

19 

0.150 

0.178 

20 

0.158 

0.186 

21 

0.166 

0.194 

22 

0.173 

0.202 

23 

0.181 

0.211 

24 

0.189 

0.219 

25 

0.196 

0.227 

26 

0.204 

0.235 

27 

0.212 

0.243 

28 

0.219 

0,251 

89 

0.227 

0.259 

30 

0.235 

0.267 

31 

0.242 

0.275 

32 

0.250 

0.283 

33 

0.258 

0.291 

34 

0.265 

0.299 

35 

0.273 

0.307 

36 

0.281 

0.315 

37 

0.289 

0.323 

38 

0.296 

0.331 

39 

0.304 

0.338 

40 

0.332 

0.346 

41 

0.319 

0.354 

42 

0.327 

0.362 

43 

0.335 

0.370 

44 

0.342 

0.378 

45 

0.350 

0.386 

46 

0.358 

0.393 

47 

0.365 

0.401 

48 

0.373 

0.409 

49 

0.381 

0.417 

50 

0.388 

0.425 

182 

.900 

.950 

.990 

.995 

0.017 

0-.022 

0.034 

0.039 

0.029 

0.035 

0.049 

0.055 

0.040 

0.047 

O.O63 

0.069 

0.050 

0.058 

0.075 

0.081 

0.060 

0.069 

0.086 

0.093 

0.070 

0.079 

0.097 

0.105 

0.079 

0.089 

0.108 

0.116 

0.088 

0.098 

0.118 

0.126 

0.098 

0.108 

0.129 

0.137 

C.107 

0.117 

0.139 

0.147 

0.116 

0.126 

0.148 

0.157 

0.124 

0.136 

0.158 

0.167 

0.133 

0.145 

0.168 

0.177 

0.142 

0.154 

0.177 

0.186 

0.151 

0.163 

0.187 

0.196 

C.159 

0.172 

0.196 

0.205 

0.168 

0.180 

0.205 

0.215 

0.176 

0.389 

0,214 

0.224 

0.185 

0.198 

0.223 

0.233 

C.193 

0.207 

0.232 

0.242 

0.202 

0.:i5 

0.2a 

0 . 251 

0.210 

0.224 

0.25c 

0.260 

0,219 

0.232 

0.259 

0.269 

0.227 

0.2  a 

0.268 

0.278 

0.235 

0.249 

0.276 

0.287 

C.243 

0.258 

0.285 

0.295 

0.252 

0.266 

0.294 

0.304 

0,26c 

0.274 

0.302 

0.313 

0.268 

0.283 

0.311 

0.321 

0.276 

0.291 

0.319 

0.330 

0.284 

0.299 

0.328 

0.338 

0.293 

C.307 

0.336 

0.347 

0.301 

0.316 

0.344 

0.355 

0.309 

0.324 

0.353 

0.363 

0.317 

0.332 

0.361 

0.372 

0.325 

0.340 

0.369 

0.380 

0.333 

0.348 

0.378 

0.388 

0.3a 

0.356 

0.386 

0.397 

0.349 

0.364 

0.394 

0.405 

0.357 

0.372 

0.402 

o.a3 

0.365 

0.380 

o.ao 

0.421 

0.373 

0.388 

0.a8 

0.429 

0.381 

0.396 

0.426 

0.437 

0.389 

0.404 

0.434 

0,445 

0.397 

0.a2 

0.442 

0,453 

0.404 

0.420 

0.450 

0.461 

0.a2 

0.428 

0.458 

0.469 

0.420 

0.436 

0.466 

0.477 

0.428 

0.444 

0.474 

0.485 

0.436 

0.452 

0.482 

0.493 

0.444 

0.460 

0.490 

0.501 

\ 
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Table  1  (continued) 


F 

0 

C  =  .500 

.800 

.900 

.950 

,990 

,995 

O.C€4 

0.011 

0,016 

0.021 

0.0J^2 

0,037 

1 

0.011 

0.021 

0.027 

0,033 

0.046 

0.051 

2 

0.019 

0.030 

0.037 

0.044 

0.058 

0.064 

3 

0.026 

0.C39 

0.047 

0.054 

0.069 

0.076 

4 

0.033 

0.047 

0.056 

O.G64 

C.C80 

0,087 

5 

O.O/.O 

O.C55 

0.065 

0.073 

0.09G  5 

;  0,097 

6 

0.047 

0.064 

0.074 

0.082 

1  0:,108 

7 

0.054 

0.072 

0.082 

0.091 

C.JIC  f 

13  8 

8 

O.Otl 

0.080 

C.09I 

0.100 

0,12.0  / 

0,127 

9 

0.068 

0.088 

0.099 

0.309 

0.:;.29  , 

0.137 

10 

0.0'6 

0.096 

0.107 

0.118 

04,38  / 

0.146 

11 

0  063 

0.104 

0.116 

0,126 

0.147/ 

C.I55 

12 

0.0% 

0.111 

0.124 

0.135 

0.1 5^ 

0.165 

13 

0.097 

0.119 

0.132 

C.I43 

0,16 

0.174 

14 

0.104 

0.127 

0.140 

0.151 

r  .3;74 

0,182 

15 

0.111 

0.135 

0.148 

0.160 

o.:/.S3 

0,191 

16 

0.118 

0.142 

0.156 

0.168 

O.yl?] 

0.200 

17 

0.125 

0.150 

0.164 

0.176 

o,:2;o 

0,2C9 

18 

0.333 

0.158 

0.172 

0.184 

0.217 

19 

C.L40 

0.165 

0.180 

0.192 

p.711 

0.226 

20 

0.147 

0.173 

0.188 

0.20c 

10  2;;  5 

0.234 

21 

0.154 

0.181 

0.196 

0.206 

/  0.233 

0.243 

22 

0.3.61 

0.188 

0.203 

0.216 

/  0.241 

0.251 

23 

0.3.68 

0.196 

0.211 

0.2.2.4, 

0.259 

24 

o.:l7.-; 

0.203 

o.a9 

0.232 

/  0.258 

0.267 

25 

0.:i82 

0.211 

0.227 

0,24'./  j' 

0.266 

0.276 

26 

0.190 

0.218 

0.234 

Ot'iciiC 

0.274 

0.284 

27 

0.197 

0.226 

0.242 

0,2  ’3'-> 

0.282 

0.292 

28 

0.204 

0.233 

0.250 

C.263 

0.290 

0.300 

29 

C.211 

0.2a 

0.257 

0,-:7] 

0.298 

0,308 

30 

o,a8 

0.248 

0.265 

0.2'^9 

0.3C6 

0,316 

31 

0,225 

0.256 

0.272 

0.2  36 

0.314 

0,324 

32 

0.232 

0.263 

0.280 

0,321 

0.332 

33 

0,239 

0.271 

0.287 

0,302 

0.329 

0.339 

34 

0,247 

0,278 

0.295 

0.3C9 

0.337 

0.347 

35 

0.254 

0.285 

0.303 

0.317 

0.345 

0.355 

36 

0.261 

0.293 

0.310 

0.325 

0.352 

0.363 

37 

0.268 

0.30c 

0.317 

0.332 

0.360 

0.370 

38 

0.275 

0.397 

0.325 

0.340 

0.368 

0.378 

39 

0.282 

0.315 

0.332 

0.347 

0.375 

0.386 

40 

0.289 

0.322 

0.3,r.v 

0.355 

0.383 

0.393 

a 

0.296 

0.330 

0.347 

0.362 

0.390 

0.401 

42 

0.304 

0.337 

0.355 

0.370 

0.398 

0.409 

43 

0.311 

O.34.', 

0.362 

0.377 

0.406 

o,a6 

44 

0.318 

0.351 

0.369 

0.384 

0.413 

0.424 

45 

0.325 

0.359 

0.377 

0.392 

0.420 

0,431 

46 

0.332 

0.366 

0.384 

0.399 

0.42c 

0.  438 

47 

0.339 

0.373 

0.391 

0,407 

C.435 

C.U6 

48 

0.346 

0.381 

0.399 

0.414 

0.U3 

0.453 

49 

0.353 

0.388 

0.406 

0.421 

0.450 

0.461 

50 

0.361 

0.395 

o.a3 

0.429 

0.457 

0.468 

1^ 
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Table  I  (continued) 


N  F 

”150  0 

1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

U 

45 

46 

47 

48 

49 

50 


0 

0 

An 

• 

II 

.800 

.900 

0.C04 

0.010 

0.015 

0.011 

0.019 

0.025 

0.017 

0.028 

0.035 

0.024 

0.036 

0.043 

0.031 

0.044 

0,052 

0.037 

0.052 

0.060 

0.044 

0.059 

0.069 

0.051 

0.067 

0.077 

0.057 

0.075 

0.085 

O.O64 

0,082 

C.O93 

0.070 

0.089 

O.IOC 

0.077 

0.097 

0.108 

0.084 

O.IO4 

0.116 

0,090 

0.111 

0.123 

0.097 

0.119 

0.131 

0.104 

0.126 

0.138 

0.110 

0.133 

0.146 

0.117 

0.140 

0.153 

0.124 

0.147 

0.161 

0.130 

0.155 

0.168 

0.137 

0.162 

0.176 

0.144 

0.169 

0.183 

0.150 

0.176 

0.190 

0.157 

0.183 

0.197 

0.164 

0.190 

0.205 

0.170 

0.197 

C.212 

0.177 

0.204 

0.219 

0.184 

0.211 

0.226 

0.190 

0.218 

0.233 

0.197 

0.225 

0.241 

0.203 

0.232 

0.248 

0.210 

0.239 

0.255 

0.217 

0.246 

0.262 

0.223 

0.253 

0.269 

0.230 

0.260 

0.276 

0.237 

0.267 

0.283 

0.243 

0.274 

0.290 

0.250  0.281  0.297 

0.257  0.287  0,304 
0.263  0.294  0.311 
0.270  0.301  0.318 
0.277  0.308  0.325 
0.283  0.315  0.332 
0.290  0.322  0.339 
0.297  0.329  0.346 
0.303  0.335  0.353 
0.310  0.342  0.360 
0.317  0.349  0.366 
0.323  0.356  0.373 
0.330  0.363  0.380 
0.337  0.369  0.387 


.950 

.990 

.995 

0.019 

0.030 

0.034 

0.031 

C.043 

0.048 

0.041 

0.054 

0.06C 

0.050 

0.065 

0.071 

0,059 

0.075 

0.081 

0,068 

0.085 

0.091 

0.077 

0.094 

0.101 

0.085 

0.103 

0,110 

0,094 

0.112 

0.119 

C.102 

0.121 

0.128 

0.110 

0.129 

0.137 

0,116 

0.136 

0.145 

0.126 

0.146 

0.154 

0.134 

0.154 

0.162 

0.142 

0.163 

0.171 

0.149 

0.171 

0.179 

0.157 

0.179 

0.187 

0.165 

0.187 

0.195 

0.172 

0.195 

0.203 

0.180 

0.203 

0.211 

0.187 

0.211 

0.219 

0.195 

0.216 

0.227 

0.202 

0.226 

0.235 

0.210 

0.234 

0.243 

0.217 

0.241 

0.?50 

0,224 

0.249 

0.258 

0.232 

0.256 

0.266 

C.239 

0.264 

0.273 

0.246 

0.272 

0.281 

0.254 

0.279 

0.288 

0.261 

0.286 

0,296 

0.268 

0.294 

0.303 

0.275 

0.301 

o.3r 

0.282 

0,308 

O.3I8 

0.290 

0.316 

0.326 

0.297 

0.323 

0.333 

C.3C4 

0.330 

0.340 

0.311 

0.33s 

0.347 

0.318 

0.345 

0.355 

0.325 

0.352 

0.362 

0.332 

0.359 

0.369 

0.339 

0.366 

0.376 

0.346 

0.373 

0.383 

0.353 

0.380 

0.390 

0.360 

0.387 

0.397 

0.367 

0.394 

0.405 

0.374 

0.401 

0.412 

0.381 

O.4O8 

0.439 

0.388 

0.415 

0.426 

0.395 

0.422 

0.433 

0.402 

0.429 

0.439 
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Table  I  (continued) 


F 

o 

II 

• 

O 

o 

.800 

.900 

.950 

.990 

.995 

0 

0.0C4 

0.010 

C.014 

0.018 

0.028 

0.032 

1 

0.010 

0.01£ 

C.C24 

0.029 

0.040 

0,045 

2 

0.016 

0.026 

0.032 

0.C38 

0.C51 

0.056 

3 

0.022 

0.034 

o.oa 

0.047 

0.C61 

0.066 

4 

0.029 

0.041 

0.049 

0.056 

C.G70 

0.076 

5 

0.035 

0.048 

C.C57 

O.C64 

0.079 

0.085 

6 

0.041 

0.056 

0.064 

0.072 

0.088 

0.094 

7 

0.047 

0.063 

0.072 

0.C8C 

0.097 

0.103 

8 

0.054 

0.070 

0.079 

0.088 

0.105 

0.112 

9 

0.06G 

0.C77 

0.087 

0.096 

0.113 

0.120 

10 

0.066 

0.084 

0.094 

0.103 

0.121 

0.129 

11 

0.072 

0.091 

0.101 

C.lll 

0.129 

0.137 

12 

0.!'V9 

0.098 

0.109 

0.118 

0.137 

0.145 

13 

G.085 

0.104 

0.116 

0.126 

0.145 

0.153 

14 

0.091 

0.111 

0.123 

0.133 

0.153 

0.161 

15 

0.097 

0.118 

0.13c 

0.140 

0.161 

0.168 

16 

0.103 

0.125 

0.137 

0.147 

0.168 

0.176 

17 

0.110 

0.132 

0.144 

0.155 

C.176 

0.184 

18 

0.166 

0.138 

C.I5I 

C.162 

0.183 

0.191 

19 

0.122 

0.145 

0.15s 

0.169 

0.191 

0.199 

20- 

0.128 

0.152 

C.I65 

0.176 

0.198 

0.206 

21 

0.135 

0.158 

0.172 

0.183 

0.205 

0.214 

22 

o.ia 

0.165 

0.178 

0.19c 

0.213 

0.221 

23 

0.147 

0.172 

0.165 

0.197 

0.220 

0.228 

24 

0.153 

0.178 

0.192 

0.204 

0.227 

0.236 

25 

0.160 

0.185 

0.199 

C.211 

0.234 

0.243 

26 

0.166 

0.192 

0.206 

0,218 

0.241 

0.250 

27 

0.172 

0.198 

0.212 

0.225 

0.248 

0.257 

28 

0.178 

0.205 

0.219 

C.23I 

0.255 

0.264 

29 

0.185 

0.211 

0.226 

0.238 

0.262 

0.271 

30 

0.191 

0.218 

0.233 

0.245 

0.269 

0.279 

31 

0.197 

0.224 

C.239 

0.252 

0.276 

0.286 

32 

0.203 

0.231 

0.246 

0.259 

0.263 

0.293 

33 

0.209 

0.237 

0.253 

0.265 

0.290 

0.3C0 

34 

0.216 

0.244 

0.259 

0.272 

0.297 

0.306 

35 

0.222 

0.250 

0.266 

0.279 

0.304 

0.313 

36 

0.228 

0.257 

0.272 

0.286 

0.311 

0.320 

37 

0.234 

0.263 

0.279 

0.292 

0.318 

0.327 

38 

0.2a 

0.270 

0.286 

0.299 

0.324 

0.334 

39 

0.247 

0.276 

0.292 

0.306 

0.331 

0.3a 

40 

0.253 

0.283 

0.299 

0.312 

0.338 

0.348 

41 

0.259 

0.289 

0.305 

0.319 

0.345 

0.354 

42 

0.266 

0.296 

0.312 

0.325 

0.351 

0.361 

43 

0.272 

0.302 

0.318 

0.332 

0.358 

0.368 

44 

0.278 

0.308 

0.325 

0.339 

0.365 

0.374 

45 

0.284 

0.315 

0.331 

0.345 

0.371 

0.381 

46 

0.291 

0.321 

0.338 

0.352 

0.378 

0.388 

47 

0.297 

0.328 

0.3U 

0.358 

0.385 

0.394 

48 

0.303 

0.334 

0.351 

0.365 

0.391 

0.401 

49 

0.309 

0.3a 

0.357 

0.371 

0.398 

O.4O8 

50 

0.316 

0.347 

0.364 

0.378 

0.404 

0.a4 

u* 
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Table  1  (continued) 


li 

170 


o 

8 

• 

II 

o 

.600 

.90C 

.950 

.990 

.995 

r 

0 

0.0C4 

0.0C9 

0.013 

0.017 

0.026 

0.030 

1 

0.009 

0.017 

0.022 

0.027 

0.038 

0.042 

2 

0.015 

0.025 

0.031 

0.036 

0.048 

0.053 

3 

0.021 

0.032 

0.038 

0.044 

0.057 

0.063 

4 

0.027 

0.039 

0.046 

0.053 

0.066 

0.072 

5 

0.033 

0.046 

0.053 

0.060 

0.075 

0.081 

6 

0.039 

0.052 

0.061 

0.068 

0.083 

0.089 

7 

0.045 

0.059 

0.068 

0.075 

0.091 

0.097 

8 

0.050 

0.066 

0.075 

0.083 

0.099 

0.105 

9 

0.056 

0.072 

0.082 

0.C90 

0.107 

0.113 

10 

0.062 

0.079 

0.089 

0.097 

0.114 

0.121 

11 

0.068 

0.085 

0.096 

0.104 

0.122 

0.129 

12 

0.074 

0.092 

0.102 

0.111 

0.129 

0.136 

13 

0.C80 

0.098 

0.1C9 

0.118 

0.137 

0.144 

14 

0.086 

0.105 

0.116 

0.125 

0.144 

0.151 

15 

0.091 

0.111 

C.122 

0.132 

0.151 

0.159 

16 

0.097 

0.118 

0.129 

0.139 

0.159 

0.166 

17 

0.103 

0.124 

0.136 

0.146 

0.166 

0.173 

18 

0.109 

0.130 

0.142 

0.152 

0.173 

0.180 

19 

0.115 

0.137 

0.149 

0.159 

0.180 

0.188 

20 

0.121 

0.143 

0.155 

0.166 

0.187 

0.195 

21 

0.127 

0.149 

0.162 

0.172 

0.194 

0.202 

22 

0.133 

0.155 

0.168 

0.179 

0.201 

0.209 

23 

0.138 

0.162 

0.175 

0.186 

0.207 

0.216 

24 

0.144 

0.168 

0.181 

0.192 

C.214 

0.222 

25 

0.150 

0.174 

0.187 

0.199 

0.221 

0.229 

26 

0.156 

0.180 

0.194 

0.205 

0.228 

0.236 

27 

0.162 

0.187 

0.200 

0.212 

0.234 

0.243 

28 

0.168 

0.193 

0.207 

0.218 

0.241 

0.250 

29 

0.174 

0.199 

0.213 

0.225 

0.248 

0.256 

30 

0.180 

0.205 

0.219 

0.231 

0.254 

0.263 

31 

0.185 

0.211 

0.226 

0.238 

0.261 

0.270 

32 

0.191 

0.217 

0.232 

0.244 

0.267 

0.276 

33 

0.197 

0.224 

0.238 

0.250 

0.274 

0.283 

34 

0.203 

0.230 

0.244 

0.257 

0.281 

0.289 

35 

0.2C9 

0.236 

0.251 

0.263 

0.287 

0.296 

36 

0.215 

0.242 

0.257 

0.269 

0.293 

0.303 

37 

0.221 

0.248 

0.263 

0.276 

0.300 

0.309 

38 

0.227 

0.254 

0.269 

0.282 

0.3C6 

0.315 

39 

0.232 

0.260 

0.275 

0.288 

0.313 

0.322 

40 

0.238 

0.266 

0.282 

0.295 

0.319 

0.328 

a 

0.244 

0.273 

0.268 

0.301 

0.326 

0.335 

42 

0.250 

0.279 

0.294 

0.307 

0.332 

0.3a 

43 

0.256 

0.235 

0.300 

0.313 

0.338 

0.348 

44 

0.262 

0.291 

0.306 

0.319 

0.345 

0.354 

45 

0.268 

0.297 

0.312 

0.326 

0.351 

0.360 

46 

0.273 

0.303 

0.319 

0.332 

0.357 

0.366 

47 

0.279 

0.309 

0.325 

0.338 

0.363 

0.373 

48 

0.285 

0.315 

0.331 

0.3U 

0.370 

0.379 

40 

0.291 

0.321 

0.337 

0.350 

0.376 

0.385 

50 

0.297 

0.327 

0.343 

0.356 

0.382 

0.392 

186 


n  £ 

180  0 
1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 
27 
26 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 


Appendix  3B 
Table  I  (continiied) 

C  =  .500  .800  .900  ,950 

0.0C3  0.008  0.012  0.016 

0.009  0.016  0.021  0.026 

0.014  0.023  0.029  0.034 

0.020  0.030  0.036  0.042 

0,025  0.037  0.043  0.050 

0.031  0.043  0.050  0.057 

0.036  0.049  0.057  O.O64 

0.042  0.056  O.O64  0.071 

0.048  0.062  0.07],  0.078 

0.053  0.068  0.077  0.085 

0.059  0.075  0.064  0.092 

O.C64  0.081  0.090  0.099 

0.070  0.087  0.097  0.105 

0.075  0.093  0.103  0.112 

0.081  0.099  0.109  0.118 


0.086 

0.105 

0.116 

0.125 

0.092 

0.111 

0.122 

0.131 

0.097 

0.117 

0.128 

0.138 

0.103 

0.123 

0.134 

0.144 

0.109 

0.129 

0.141 

0.151 

0.114 

0.135 

0.147 

0.157 

0.120 

0.141 

0.153 

0.163 

0.125 

0.147 

0.159 

0.169 

0.131 

0.153 

0.165 

0.176 

0.136 

0.159 

0.171 

0.182 

0.142 

0.165 

0.177 

0.168 

0.147 

0.171 

0.183 

0.194 

0.153 

0.176 

C.189 

0.200 

0.158 

0.182 

0.195 

0,'’07 

O.I64 

0.186 

0.201 

0.213 

0.170 

0.194 

0.207 

0.219 

0.175 

0.200 

0.213 

0.225 

0.181 

0.206 

0.219 

0.231 

0.186 

0.211 

0,225 

0.237 

0.192 

0.217 

0.231 

0.243 

0.197 

0.223 

0.237 

0.249 

0.203 

0.229 

0.243 

0.255 

0.208 

0.235 

0.249 

0.261 

0.214 

C.24C 

0.255 

0.267 

0.219 

0.246 

0.261 

0.273 

0.225 

0.252 

0.266 

0.279 

a.  231 

0.258 

0.272 

0.285 

0.236 

0.263 

0.278 

0.291 

0.242 

0.269 

0.284 

0.296 

0.247 

0.275 

0.290 

0.302 

0.253 

C,281 

0.296 

0.308 

0.258 

0.286 

0.301 

0.314 

0.264 

0.292 

0.307 

0.320 

0.269 

0.298 

0.313 

0.326 

0.275 

0.303 

0.319 

0.332 

0.280 

0.3C9 

0.325 

0.337 

.990 

.995 

0.025 

0.029 

0.036 

0.040 

0.045 

0.050 

0.054 

0.059 

0.063 

0.068 

0.071 

0.076 

0.079 

0.084 

0.086 

0.092 

0.C94 

0.100 

0.101 

0.107 

0.108 

0.115 

0.115 

0.122 

0.122 

0.129 

0.129 

0.136 

0.136 

0.143 

0.143 

0.150 

0.150 

0.157 

0.157 

O.I64 

O.I63 

0.171 

0.170 

0.178 

0.177 

0.184 

0.183 

0.191 

0.190 

0.198 

0.196 

0.204 

0.203 

0.211 

0.209 

0.217 

0.216 

0.224 

0.222 

0.230 

0.228 

0.236 

0.235 

0.243 

0.241 

0.249 

0.2^^^ 

0.255 

0.253 

0.262 

0.259 

0.268 

0.266 

0.274 

0.272 

0.280 

0.278 

0.287 

0.284 

0.293 

0.290 

0.299 

0.296 

0.305 

0.302 

0.311 

0.308 

0.317 

0.314 

0.323 

0.320 

0.329 

0.326 

0.335 

0.332 

0.341 

0.338 

0.347 

0.344 

0.353 

0.350 

0.359 

0.356 

0.365 

0.362 

0.371 
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Table  I  (continued) 


T* 

C  =  .500 

.800 

.900 

.950 

.990 

.995 

F 

0 

0.003 

0.008 

0.012 

0.015 

0.023 

0.027 

1 

0.C08 

0.015 

0.020 

0.024 

0.034 

0.038 

2 

0.014 

0.022 

0.027 

0.032 

0.043 

0.047 

3 

0.019 

0.028 

0.034 

0.040 

0.051 

0.056 

4 

0.024 

0.035 

o.oa 

0.047 

0.059 

O.O64 

5 

0.029 

0.041 

0.048 

0.054 

0.067 

0,072 

6 

0.035 

0.047 

0.054 

0.061 

0.074 

0.080 

7 

0.040 

0.053 

0.061 

0.068 

0.082 

0.087 

8 

0.045 

0.059 

0.067 

0.C74 

0.089 

0.095 

9 

0.050 

0.065 

0.073 

0.081 

0.096 

0.102 

10 

0.056 

0.071 

0.079 

0.087 

0.103 

C.109 

11 

0.061 

0.076 

0.086 

0.C94 

0.110 

0.116 

12 

0.'^66 

0.082 

0.092 

O.ICO 

0.116 

C.123 

13 

0.071 

0.088 

0.098 

0.106 

0.123 

0.129 

14 

0.077 

0.094 

0.104 

0.112 

0.129 

0.136 

15 

0.082 

0.100 

C.llO 

0.118 

C.I36 

0.143 

16 

0.087 

0.105 

0.116 

0.125 

0.142 

0.149 

17 

0.092 

0.111 

C.122 

0.131 

0.149 

0.156 

18 

0.098 

0.117 

0.127 

0.137 

0.155 

0.162 

19 

0.103 

0.122 

0.133 

0.143 

0.161 

0.169 

20 

0.108 

0.128 

0.139 

0.149 

0.168 

0.175 

21 

0.113 

0.134 

0.145 

0.155 

0.174 

0.181 

22 

0.119 

0.139 

9.151 

0.161 

0,160 

0.188 

23 

0.124 

0.145 

0.157 

0.167 

0.186 

C.I94 

24 

0.129 

0.150 

0.162 

0.173 

0.192 

0,2C0 

25 

0.134 

0.156 

0.168 

0.178 

0.199 

0.206 

26 

0.140 

0.162 

0.174 

0.184 

C.205 

0.212 

27 

0.145 

C.167 

C.ISC 

0.190 

0.211 

0.218 

28 

0.150 

0.173 

0.185 

0.196 

0.217 

0.22^! 

29 

C.155 

0.178 

0.191 

0.202 

0.223 

0.231 

30 

0.161 

0.184 

0.197 

o’.  208 

0.229 

0.237 

31 

0.166 

0.189 

0,202 

0.213 

0.235 

0.243 

32 

0.171 

0.195 

0.208 

0.219 

0.241 

0.249 

33 

0.176 

0.200 

0,214 

0.225 

0.246 

0.255 

34 

0.182 

0.206 

0.219 

0.231 

0.252 

0.261 

35 

0.187 

0,211 

0.225 

0.236 

0.258 

0.266 

36 

0.192 

0.217 

0.230 

0.242 

0.264 

0.272 

37 

C.197 

0.222 

0.236 

0.248 

0.270 

0.278 

38 

0.2C3 

0.228 

0.242 

0.253 

0.276 

0.284 

39 

0.20b 

0.233 

0.247 

0.259 

0.281 

0.290 

40 

0.213 

0.239 

0.253 

C.265 

0.287 

0.296 

a 

0.218 

0.244 

0,258 

0.270 

0.293 

0.301 

42 

0.224 

0.250 

0.264 

0.276 

0.299 

0.307 

43 

C.229 

0.255 

0.269 

0.281 

0.304 

0.313 

44 

0.234 

0.261 

0.275 

0.287 

0.310 

0.319 

45 

0.239 

0.266 

0.280 

0.293 

0.3.16 

0.325 

46 

0.245 

0.272 

0.286 

0.298 

0.322 

0.330 

47 

0.250 

0.277 

0.292 

C.3O4 

0.327 

0.336 

48 

0.255 

0.282 

0.297 

0.309 

0.333 

0.342 

49 

0.260 

0.288 

0.303 

C.3I5 

0.338 

0.347 

50 

0.266 

0.293 

0.308 

0.320 

0.344 

0.353 
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Table  I  (continued) 


F 

0 

C  =  .500 

.600 

.900 

.950 

.990 

0.003 

0.X8 

0.011 

0.014 

0.022 

1 

0.008 

0.014 

0.019 

0.023 

0.032 

2 

0.013 

0.021 

0.026 

0.031 

0,0a 

3 

0.018 

0.027 

0,033 

0,038 

0,049 

4 

0.023 

0.033 

0.039 

0,045 

0.056 

5 

0.028 

0.039 

0.045 

0.051 

0.064 

6 

0.033 

0.045 

0.052 

0.058 

0.071 

7 

0.038 

0.050 

0.058 

0,064 

0.078 

8 

0.043 

0.056 

0.064 

0.071 

0.084 

9 

0.048 

0.062 

0.070 

0.077 

0,091 

10 

0.053 

0.067 

0.075 

0.083 

0.098 

11 

0.058 

0.073 

0.081 

0,089 

0,104 

12 

0.063 

0.078 

0.087 

0.095 

0,111 

13 

0.068 

0.084 

0.093 

0.101 

0.117 

14 

0.073 

0.089 

0.099 

0.107 

0.123 

15 

0.078 

0.095 

0.104 

0.113 

0.129 

16 

0.083 

0.100 

0.110 

0.138 

0,135 

17 

0.068 

0.105 

0.116 

0.124 

0,142 

18 

0.093 

0,111 

O.I2I 

0.130 

0.148 

19 

0.098 

0,116 

0.127 

0.136 

0.154 

20 

0.103 

0.122 

0.132 

o.ia 

0,160 

22. 

0.108 

0.127 

0.138 

0.147 

0.166 

22 

0.113 

0.132 

0.143 

0.153 

0.171 

23 

0.118 

0.138 

0.149 

0.158 

0.177 

24 

0.123 

0.143 

0.154 

0.164 

0.183 

25 

0.128 

0.148 

0.160 

0.170 

0.189 

26 

0.133 

0.154 

0.165 

0.175 

0,195 

27 

0.138 

0.159 

0.171 

0.181 

0.201 

28 

0.143 

0.164 

0,176 

0.186 

0.206 

29 

0.148 

0.170 

6.182 

0,192 

0.212 

30 

0.153 

0.175 

0.187 

0.197 

0.218 

31 

0,158 

0.180 

0.192 

0.203 

0.223 

32 

0.163 

0.185 

0.198 

0.208 

0.229 

33 

0,168 

0.191 

0.203 

0.214 

0.235 

34 

0.173 

0.196 

0.209 

0.219 

0,240 

35 

0.178 

0.201 

0.214 

0.225 

0.246 

36 

0.183 

0.206 

0.219 

0.230 

0.251 

37 

0.188 

0.211 

0.225 

0.236 

0,257 

38 

0,193 

0.217 

0.230 

0.241 

0.262 

39 

0,198 

0  222 

0.235 

0.246 

0.268 

40 

0.203 

0.227 

0.24c 

0.252 

0.274 

41 

0.207 

0.232 

0.246 

0.257 

0.279 

42 

0,212 

0.237 

0.251 

0,262 

0.285 

43 

0.217 

0.243 

0.256 

0.268 

0,290 

44 

0.222 

0  248 

0.262 

0.273 

0.295 

45 

0,227 

0.253 

0,267 

0.278 

0.301 

46 

0,232 

0.258 

0.272 

0,284 

0,306 

47 

0,237 

0,263 

0.277 

0.289 

0.312 

48 

0.242 

0.269 

0.283 

0.294 

0,317 

49 

0,247 

0,274 

0.288 

0.3C0 

0.322 

50 

0.252 

0.279 

„  0.293 

189 

0.305 

0.328 

.995 

0,026 

0.036 

0,045 

0.053 

0,061 

0,069 

0,076 

0,083 

0.090 

0,097 

0,103 

0,110 

0,117 

0,123 

0,129 

0.136 

0.142 

0,148 

0,154 

0,160 

0.166 

0,173 

0.179 

0.184 

0,190 

0.196 

0.202 

0.208 

0.214 

0,220 

0,225 

0.231 

0.237 

0.242 

0,248 

0,254 

0.259 

0.265 

0,271 

0.276 

0.282 

0.287 

0.293 

0.298 

0.304 

0,309 

0,315 

0,320 

0,326 

0,331 

0,336 
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Table  I  (continued) 


c  =  .500 

.800 

.900 

.950 

.990 

.995 

£ 

0 

0.003 

0.007 

0.010 

0.014 

0.021 

0.024 

1 

0.007 

0.014 

0.018 

0.022 

0.031 

0.034 

2 

0.012 

0.020 

0.025 

0.029 

0,039 

0.043 

3 

0,017 

0.026 

0.031 

0.036 

0.047 

0.051 

4 

0.022 

0.031 

0.037 

0,.C43 

0,054 

0.058 

5 

0.026 

0.037 

0.043 

C.O49 

0.061 

0.065 

6 

0.031 

0.042 

0.049 

0,055 

0,067 

0.072 

7 

0.036 

0.048 

0.055 

0,061 

0.074 

0.079 

8 

o.oa 

0.053 

0.061 

0.067 

0,081 

0.086 

9 

0.045 

0.059 

0.C66 

0.073 

0.087 

0.092 

10 

0.050 

0.064 

0.072 

0.079 

0,093 

0.099 

11 

0.055 

0.069 

0.077 

0.085 

0.099 

0,105 

12 

O.O6O 

0.074 

0.083 

0.090 

0.105 

0.111 

13 

0.064 

0.080 

0.088 

0.096 

0,111 

0.117 

14 

0.069 

0.085 

0.094 

0,102 

0,117 

0,123 

15 

0.074 

0.090 

0.099 

0.107 

0.123 

0;129 

16 

0.079 

0.095 

0.105 

0.113 

0.129 

0.135 

17 

0.083 

0.101 

OJIO 

0.118 

0.135 

o.ia 

18 

0.088 

0.106 

0.115 

0.124 

0.141 

0.147 

19 

0.093 

0.111 

0.121 

0.129 

0.147 

0,153 

20 

0.098 

0.116 

0.126 

0.135 

0.152 

0.159 

21 

0.103 

0.121 

0.131 

0.140 

0.158 

0.165 

22 

0.107 

0.126 

0.137 

0.146 

0.164 

0.170 

23 

0.112 

0.131 

0.142 

0.151 

0.169 

0.176 

24 

0.117 

0.136 

0.147 

0.156 

0.175 

0.182 

25 

0.122 

o.ia 

0.152 

0.162 

0.180 

0.187 

26 

0.126 

0.146 

0.158 

0.167 

0.186 

0.193 

27 

0.131 

0.151 

0.163 

0.172 

0.191 

0.198 

28 

0.136 

0.156 

0.168 

0.178 

0,197 

0.204 

29 

0.141 

0.162 

0.173 

0,183 

0.202 

0.210 

30 

0.145 

0.167 

0.178 

0,188 

0,208 

0,215 

31 

0.150 

0.172 

0.183 

0.193 

0.213 

0.221 

32 

0,155 

0.177 

0.189 

0.199 

0,219 

0.226 

33 

0.160 

0.182 

0.194 

0.204 

0.224 

0.231 

34 

0,164 

0.187 

0.199 

0.209 

0.229 

0.237 

35 

0.169 

0.192 

0.204 

0.214 

0.235 

0.242 

36 

0.174 

0.197 

0.209 

0.220 

0.240 

0.248 

37 

0.179 

0,202 

0.214 

0.225 

0.245 

0,253 

38 

0,183 

0.206 

0.219 

0  230 

0.251 

0.258 

39 

0.188 

0.211 

0.224 

0.235 

0,256 

0.264 

40 

0.193 

0.216 

0.229 

0.240 

0,261 

0.269 

41 

0.198 

0.221 

C.234 

0.245 

0.266 

0,274 

42 

0.202 

0,226 

0,239 

0.250 

0.272 

0.279 

43 

0.207 

0.231 

0,244 

0,255 

0.277 

0.285 

44 

0.212 

0.236 

0,249 

0.261 

0.282 

0.290 

45 

0.217 

0.2a 

0.254 

0.266 

0.287 

0.295 

46 

0.221 

0.246 

0.259 

0.271 

0,292 

0.300 

47 

0.226 

0.251 

0.264 

0.276 

0.298 

0,306 

48 

0.231 

0.256 

0,269 

0,281 

0.303 

0.311 

49 

0.236 

0.261 

0.274 

0.286 

0.308 

0.316 

50 

0.240 

0.266 

0.279 

0.291 

0.313 

0.321 
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F 

c  =  .500 

.800 

0 

0.003 

0.007 

1 

0.007 

0.013 

2 

0.012 

0.019 

3 

0.016 

0.024 

4 

0.021 

0.030 

5 

0.025 

0.035 

6 

0.030 

0.040 

7 

0.034 

0.046 

8 

0.039 

0.051 

9 

0.043 

0.056 

10 

0.048 

0.061 

11 

0.052 

0.066 

12 

0.057 

0.071 

13 

0.062 

0.076 

14 

0.066 

0.081 

15 

0.071 

0.086 

16 

0.075 

0.091 

17 

0.080 

0.096 

18 

0.084 

0.101 

19 

0.089 

0.106 

20 

0.093 

0.111 

21 

0.098 

0.116 

22 

0.102 

0.120 

23 

0.107 

0.125 

24 

0.111 

0.130 

25 

0.116 

0.’35 

26 

0.121 

0.140 

27 

0.125 

0.145 

28 

0.130 

0.149 

29 

0.134 

0,154 

30 

0.139 

0.159 

31 

0.143 

O.I64 

32 

0,148 

0.169 

33 

0.152 

0.173 

34 

0.157 

0.178 

35 

0.161 

0.183 

36 

0.166 

0.188 

37 

0.170 

0.192 

38 

0.175 

0.197 

39 

0.180 

0,202 

40 

0.184 

0.207 

41 

0.169 

0.211 

42 

0.193 

0.216 

43 

0.198 

0.221 

44 

0.202 

0.226 

45 

0.207 

0.230 

46 

0,211 

0.235 

47 

0.216 

0.240 

48 

0.220 

0.244 

49 

0.225 

0.249 

50 

0.229 

0.254 

Table  I  (continued) 


.900 

.950 

.990 

0.010 

0.013 

0.020 

0.017 

0.021 

0,029 

0.024 

0.028 

0.037 

0.030 

0.034 

0.044 

0.036 

0.041 

0.051 

0.041 

0.047 

0.058 

0,047 

0.053 

0.064 

0,052 

0.058 

0.071 

0.058 

0.064 

0.077 

0.063 

0.070 

0.083 

0.069 

0.075 

0.089 

0.074 

0.081 

0.095 

0.079 

0.086 

0.101 

0.085 

0.092 

0.106 

0.090 

0.097 

0.112 

0.095 

0.103 

0,118 

0.100 

0.108 

0,123 

0.105 

0.113 

0.129 

C.llO 

0.118 

0.135 

C.II5 

0.124 

0.140 

0.120 

0.129 

0.145 

0.125 

0.134 

0.151 

0.131 

0.139 

0.156 

0.136 

0.144 

0.162 

o.ia 

0.149 

0.167 

0.146 

0.155 

0.172 

0.151 

0.160 

0.178 

0.155 

0.165 

0.183 

0.160 

0.170 

0.188 

0,165 

0.175 

0.193 

0.170 

0.180 

0.199 

0.175 

0.185 

0.204 

0.180 

0.190 

0.209 

0.185 

0.195 

0.214 

0.190 

0.200 

0.219 

0.195 

0.205 

0.224 

0.200 

0.210 

0.229 

0,205 

0.215 

0.235 

0.209 

0.220 

0.240 

0.214 

0.225 

0.245 

0,219 

0.230 

0.250 

0.224 

0.234 

0.255 

0.229 

0.239 

0.260 

0.234 

0.244 

0.265 

0.238 

0.249 

0.270 

0.243 

0.254 

0.275 

0.248 

0.259 

0.280 

0.253 

0.264 

0.285 

0.258 

0.268 

0.290 

0.262 

0.273 

0.295 

0.267 

0.278 

0.299 

.995 

0,023 

0,033 

0.041 

0.049 

0.056 

0.062 

0.069 

0.076 

0.082 

0.088 

0.094 

0.100 

0.106 

0.112 

0.118 

0.124 

0.129 

0.135 

0.141 

0.146 

0.152 

0.157 

0.163 

0.168 

0,174 

0.179 

0.184 

0,190 

0.195 

0.200 

0.206 

0.211 

0.216 

0.221 

0.226 

0.232 

0.237 

0.242 

0.247 

0.252 

0.257 

0.262 

0.267 

0.272 

0.277 

0.282 

0.287 

0.292 

0.297 

0.302 

0.307 
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Table  1  (c 

lontlnued) 

F 

0 

II 

• 

8 

.800 

.900 

.950 

.990 

0 

0.003 

0.006 

0.009 

0.012 

0.019 

1 

0.007 

0.012 

0.016 

0.020 

0.028 

2 

0.011 

0.018 

0.022 

0.027 

0.036 

3 

0.015 

0.023 

0.028 

0.033 

0.C43 

4 

0.020 

0.029 

0.034 

0.039 

0.049 

5 

0.024 

0.034 

0.039 

0.045 

0.055 

6 

0,028 

0.039 

0.045 

0.050 

O.O62 

7 

0.033 

0-.044 

0.050 

0.056 

0.068 

8 

O.C37 

0.049 

0.055 

0.061 

0.074 

9 

o.oa 

0.054 

0.061 

0.067 

0.079 

10 

0.046 

0.058 

0.066 

0.072 

0.085 

11 

0.050 

0.063 

0.071 

0.077 

0.091 

12 

0.054 

0.068 

0.076 

0.083 

0.096 

13 

0.059 

0.073 

0.081 

0.088 

0.102 

14 

0,063 

0.076 

0.086 

0.093 

0.107 

15 

0.068 

0.082 

0.091 

0.098 

0.113 

16 

0.072 

0.087 

0.096 

0.103 

0.118 

17 

0.076 

0.092 

0.101 

0.108 

0.124 

18 

0.081 

0.097 

0.106 

0.113 

0.129 

19 

0.085 

0.101 

0.110 

0.118 

0.134 

20 

0.089 

0.106 

0.115 

0.123 

0.139 

21 

0.094 

0.111 

0.120 

0.128 

0.145 

22 

0.09a 

0.115 

0.125 

0.133 

0.150 

23 

0.102 

0.120 

0.130 

0.138 

0.155 

24 

0.107 

0.125 

0.135 

0.143 

0.160 

25 

0.111 

0.129 

0.139 

0.148 

0.165 

26 

0.115 

0.134 

0.144 

0,153 

0.170 

27 

0.120 

0.138 

0.149 

0.158 

0.175 

28 

0.124 

■0.143 

C.I54 

0.163 

0.180 

29 

0.128 

0.148 

0.158 

0.167 

0.185 

30 

0.133 

0.152 

0.163 

0.172 

0,190 

31 

0.137 

0.157 

0.168 

0.177 

0.195 

32 

0.141 

0.161 

0.172 

C.182 

0.200 

33 

0.146 

0.166 

0.177 

0.187 

0.205 

34 

0.150 

0,171 

0.182 

0.191 

0.210 

35 

0.154 

0.175 

0.186 

0.196 

0.215 

36 

0.159 

0.180 

0.191 

0.201 

0.220 

37 

0.163 

0.184 

0.196 

0.206 

0.225 

38 

0.167 

0.189 

0.200 

0.210 

0.230 

39 

0.172 

0.193 

0.205 

0.215 

0.234 

40 

0.176 

0.198 

0.210 

0.220 

0.239 

41 

0.160 

0.202 

0.214 

0.224 

0.244 

42 

O.I85 

0.207 

0.219 

0.229 

0.249 

43 

0.189 

0.211 

0.224 

0.234 

0.254 

44 

0.193 

0.216 

0.228 

0.239 

0.258 

45 

0.198 

0.220 

0.233 

0.243 

0.263 

46 

0.202 

0.225 

0.237 

0.248 

0.268 

47 

0.206 

0.229 

0.242 

0.253 

0.273 

48 

0.211 

0.234 

0.247 

0.257 

0.278 

49 

0.215 

0.238 

0.251 

0.262 

0.282 

50 

0.219 

0.243 

0.256 

0.266 

0.287 

.995 

0.022 

0.031 

0.039 

.0.046 

0.053 

0.060 

0.066 

0.072 

0.078 

0.084 

0.090 

0.096 

0.102 

0.107 

0.113 

0.118 

0.124 

0.129 

0.135 

0.140 

0.145 

0.151 

0.156 

0.161 

0.166 

0.172 

0.177 

0.182 

0.387 

0.192 

0.197 

0.202 

0.207 

0.212 

0.217 

0.222 

0.227 

0.232 

0.237 
0.242 
0  247 
0.251 
0.256 
0.261 
0.266 
0.271 
0.276 
0.280 
0.285 
0.290 
0.295 
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Table  I  (continued) 


C  =  .500 

,800 

.900 

o 

e 

.990 

o995 

i! 

0 

0.002 

0,006 

0.0C9 

0.012 

0.019 

0.021 

1 

0.006 

0.012 

0.016 

0.019 

0.027 

0.030 

2 

0.011 

0.017 

0.022 

0.025 

0.034 

0.038 

3 

0.015 

0.022 

0.027 

0,033 

o.oa 

0.044 

4 

0.019 

0,027 

0.033 

0.037 

0.047 

0.051 

5 

0.023 

0,032 

0.038 

0.043 

0.053 

0.057 

6 

0.027 

0,037 

0,043 

0.048 

0.059 

0.063 

7 

0.031 

0.042 

0.048 

0.054 

0.065 

0.069 

8 

0.036 

0.047 

0.053 

0,059 

0.071 

0.075 

9 

0.040 

0.051 

0.058 

0.064 

0.076 

0.081 

10 

o.ou 

0.056 

0.063 

0.069 

0.082 

0.087 

11 

0.048 

0.061 

0.068 

0.074 

0.087 

0.092 

12 

0.052 

0.065 

0.073 

0.079 

0.092 

0.098 

13 

0.056 

0.070 

0.078 

0.084 

0.098 

0.103 

14 

0.061 

0.074 

0.082 

0,089 

0.103 

0.108 

15 

0.065 

0.079 

0,087 

0.094 

0.108 

0.114 

16 

0.069 

0.083 

0.092 

0.099 

0.113 

0.119 

17 

0.073 

0.068 

0.096 

0.104 

0.118 

0.124 

18 

0.077 

0.093 

0.101 

0,109 

0.124 

0.129 

19 

0.081 

0.097 

0.106 

0.114 

0.129 

0.134 

20 

0.085 

0.102 

0.111 

0.118 

0,134 

0,140 

21 

0.090 

0.106 

0,115 

0.123 

0.139 

0.145 

22 

0.094 

0.110 

C.L20 

0.128 

0  •'44 

0.150 

23 

0.098 

0.115 

0.124 

0.133 

0.149 

0.155 

24 

0.1C2 

0.119 

0.129 

0.137 

0.153 

0.160 

25 

0.106 

0.124 

0.134 

0.142 

0,158 

0.165 

26 

0.110 

0.128 

0.138 

0.147 

0.163 

0,170 

27 

0.115 

0.133 

0.143 

0.151 

0.168 

0.174 

28 

0.119 

0.137 

0.147 

0,156 

0.173 

0,179 

29 

0.123 

0.142 

0.152 

0,161 

0.178 

0.184 

30 

0.127 

0,146 

0.156 

0.165 

0,183 

0.189 

31 

0.131 

0,150 

0.161 

0.170 

0.187 

0.194 

32 

0.135 

0,155 

0.165 

0.174 

0.192 

0.199 

33 

0.140 

0.159 

0.170 

0.179 

0.197 

0.204 

34 

0.144 

0.163 

0.174 

0.184 

0.202 

0.208 

35 

0.148 

0,168 

0.179 

0.188 

0.2C6 

0.213 

36 

0.152 

0.172 

0.183 

0,193 

C.211 

0.218 

37 

0.156 

0,177 

0.188 

0.197 

0.216 

0.223 

38 

0.160 

0.183 

0.192 

0,202 

0.220 

0.227 

39 

0.165 

0,185 

0.197 

0.206 

0.225 

0.232 

40 

0.169 

0.190 

0.201 

0.211 

0.230 

0.237 

41 

0,173 

0.194 

0.206 

0.215 

0.234 

0.2a 

42 

0.177 

0.198 

0.210 

0.220 

0.239 

0.246 

43 

0.181 

0,203 

0.214 

0.224 

0.244 

0.251 

44 

0.185 

0,207 

0.219 

0.229 

0.248 

0.255 

45 

0.190 

0.211 

0.223 

0.233 

0.253 

0.260 

46 

C.194 

0.216 

0.228 

0.238 

0.257 

0.265 

47 

0.198 

0.220 

0.232 

0.242 

0.262 

0.269 

48 

0.202 

0.224 

0.237 

0.247 

0.266 

0.274 

49 

0.206 

0.229 

0.241 

0.251 

0.271 

0.278 

50 

0.210 

0.233 

0.245 

0.256 

0.276 

0.283 
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C  =  .500 

N  F 

250  0  0.002 

1  0.006 

2  0.010 

3  0.014 

4  0.018 

5  0.022 

6  0.026 

7  0.030 

8  0.034 

9  0.038 

10  0.042 

11  0.046 

12  0.050 

13  0.054 

14  0.056 

15  0.062 

16  0.066 

17  0.070 

18  0.074 

19  0.078 

20  0.082 

21  0.086 

22  0.090 

23  0.094 

24  0.098 

25  0.102 

26  0.106 

27  0.110 

28  0.114 

29  0.118 

30  0.122 

31  0.126 

32  0.130 

33  0.134 

34  0.138 

35  0.142 

36  0.146 

37  0.150 

38  0.154 

39  0.158 

40  0.162 

41  0.166 

42  0.170 

43  0.174 

44  0.178 

45  0.182 

46  0.186 

47  0.190 

48  0.194 

49  0.198 

50  0.202 


Table  I  (continued) 


.800 

.900 

0.006 

0.0C9 

0.011 

0.015 

0.017 

0.021 

0.021 

0.026 

0.026 

0.031 

0.031 

0.036 

0.036 

0.041 

0.040 

0.046 

0.045 

0.051 

0.049 

0.056 

0.054 

0.060 

0.058 

0.065 

0.063 

0.07C 

0.067 

0.074 

0.071 

0.079 

0.076 

0.084 

0.080 

0.088 

0.084 

0.093 

0.089 

0.097 

0.093 

0.102 

0.097 

0.106 

0.102 

0.111 

0.106 

0.115 

0.110 

0.119 

0.115 

0.124 

0.119 

0.128 

0.123  0.133 

0.127  0,13? 

0.132  0.141 

0.136  0.146 

0.140  0.150 

0.144  0.155 

0.149  0.159 

0.153  0.163 

0.157  0.167 

0.161  0.172 

0.165  0.176 

0.170  0.180 

0.174  0.185 

0.178  0.189 

0.182  0.193 

0.186  0.198 

0.191  0.202 

0.195  0.206 

0.199  0.210 

0.203  0.215 

0.207  0.219 

0.211  0.223 

0.216  0.227 

0.220  0.231 

0.224  0.236 


.990 

.995 

0.018 

0.020 

0.026 

0.029 

0.033 

0.036 

0.C39 

0.043 

0.045 

0.049 

0.051 

0.055 

0.057 

0.061 

0.062 

0.067 

0.068 

0.072 

0.073 

0.078 

0.078 

0.085 

0.C84 

0.088 

0.089 

0.094 

0.094 

0.099 

0.099 

0.104 

0.104 

0.109 

0.109 

0.114 

0.114 

0.119 

0.119 

0.124 

0.124 

0.129 

0.128 

0.134 

0.133 

0.139 

0.138 

0.144 

0.143 

0.149 

0.148 

0.153 

0.152 

0.158 

0.157 

0.163 

0.162 

0.168 

0.166 

0.172 

0.171 

0.177 

0.175 

0.182 

0.180 

0.186 

0.185 

0.191 

0.189 

0.196 

0.194 

0.200 

0.198  0.205 
0.203  0.209 
0.207  0.214 
0.212  0.219 
0.216  0.223 
0.221  0.228 
0.225  0.232 
0.230  0.237 
0.234  0.241 
0.239  0.246 
0.243  0.250 
0.247  0.254 
0.252  0.259 
0.256  0.263 
0.261  0.268 
0.265  0.272 


.950 

0.011 

0.018 

0.024 

0.03C 

^,0^6 

0.041 

0.046 

0.051 

0.056 

0.061 

0.066 

0.071 

0.076 

0.081 

0.086 

0.090 

0.095 

0.100 

0,104 

0.109 

0.114 

0.118 

0.123 

0.127 

0.132 

0.136 

O.ia 

0.145 

0.150 

0.154 

0.159 

0.163 

0.168 

0.172 

0.176 

0.181 

0.185 

0.190 

0.194 

0.198 

0.203 

0.207 

0.211 

0.216 

0.220 

0.224 

0.229 

0.233 

0.237 

0.241 

0.246 
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Table  I  (continued) 


v 

8 

• 

11 

o 

.800 

.900 

.950 

.990 

.995 

r 

0 

0.002 

0.005 

0.007 

0.009 

0.015 

0.017 

1 

0.005 

0.009 

0.012 

0.015 

0.021 

0.024 

2 

0.008 

0.014 

0.017 

0.020 

0.027 

0.030 

3 

0.012 

0.018 

0.022 

0.025 

0.033 

0.036 

4 

0.015 

0.022 

0.026 

0.030 

0.038 

o.oa 

5 

0.018 

0.026 

0.030 

0.034 

0.043 

0.046 

6 

0.022 

0.030 

0.034 

0.039 

0.047 

0.051 

7 

0.025 

0.033 

0.038 

0.C43 

0.052 

0.056 

8 

0.028 

0.037 

0.042 

0.047 

0.057 

0.060 

9 

0.032 

0.041 

0.046 

0.051 

0.061 

0.065 

10 

0.035 

0.045 

0.050 

0.055 

0.066 

0.069 

11 

0.038 

0.048 

0.054 

0.059 

0.070 

0.074 

12 

0.042 

0.052 

0.058 

0.064 

0.074 

0.078 

13 

0.045 

0.056 

0.062 

0,068 

0.078 

0.083 

14 

0.048 

0.059 

0.066 

0.071 

0.083 

0.087 

15 

0.052 

0.063 

0.070 

0.075 

0.087 

0.091 

16 

0.055 

0.067 

0.074 

0.079 

0.091 

0.096 

17 

0.058 

0.070 

0.077 

0.083 

0.C95 

0.100 

18 

0.062 

0.074 

0.081 

0.087 

0.099 

0.104 

19 

0.065 

0.078 

0.085 

0.091 

0.103 

0.108 

20 

0.068 

0.081 

0.089 

0.095 

0.107 

0.112 

21 

0.072 

0.085 

0.092 

0.099 

0.111 

0.116 

22 

0.075 

0.088 

0.096 

0.103 

0.115 

0.120 

23 

0.078 

0.092 

0.100 

0.106 

0.119 

0.124 

24 

0.082 

0.096 

0.103 

0.110 

0.123 

0.129 

25 

0.085 

0.099 

0.107 

0.114 

0.127 

0.133 

26 

0.088 

0.103 

0.111 

0.118 

0.131 

0.137 

27 

0.092 

0.106 

0.114 

0.121 

0.135 

0.140 

28 

0.095 

0.110 

0.118 

0.125 

0.139 

0.144 

29 

0.098 

0.113 

0.122 

0.129 

0.143 

0.148 

30 

0.102 

0.117 

0.125 

0.133 

0.147 

0.152 

31 

0.105 

0.120 

0.129 

0.136 

0.151 

0.156 

32 

0.108 

0.124 

0.133 

0.140 

0.155 

0.160 

33 

0.112 

0.128 

0.136 

0.144 

0.158 

0.164 

34 

0.115 

0.131 

0.140 

0.148 

0.162 

0.168 

35 

0.118 

0.135 

0.144 

0.151 

0.166 

0.172 

36 

0.122 

0.138 

0.147 

0.155 

0.170 

0.176 

37 

0.125 

0.142 

0.151 

0.159 

0.174 

0.179 

38 

0.128 

0.145 

0.154 

0.162 

0.178 

0.183 

39 

0.132 

0.149 

0.158 

0.166 

0.181 

0.187 

40 

0.135 

0.152 

0.162 

0.170 

0.185 

0.191 

a 

0.138 

0.156 

0.165 

0.173 

0.189 

0.195 

42 

0.142 

0.159 

0.169 

0.177 

0.193 

0.199 

43 

0.145 

0.163 

0.172 

0.18C 

0.196 

0.202 

44 

0.148 

0.166 

0.176 

0.184 

0.200 

0.206 

45 

0.152 

0.170 

0.179 

0.188 

0.204 

0.210 

46 

0.155 

0.173 

0.183 

0.191 

0.207 

0.214 

47 

0.158 

0.176 

0.186 

0.195 

0.211 

0,217 

48 

0.162 

0.180 

0.190 

0.198 

0.215 

0.221 

49 

0.165 

0.183 

0.194 

0.202 

0.219 

0.225 

50 

0.168 

0.187 

0.197 

0.206 

0.222 

0,228 
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Table  I  (continued) 


V 

c  =  .500 

.800 

.900 

.950 

.990 

.995 

r 

0 

0.001 

0.004 

0.006 

0.008 

0.013 

0.01 

1 

0.004 

0.0C8 

0.011 

0.013 

0.018 

0.C21 

2 

0.0C7 

0.012 

0.015 

0.017 

0.023 

0.026 

3 

0.010 

0.015 

0.018 

0.022 

0.028 

0.031 

4 

0.013 

0.019 

0.022 

0.025 

0.032 

0.035 

5 

0.016 

0.022 

0.026 

0.029 

0.037 

0.039 

6 

0.019 

0.025 

0.029 

0.033 

0.041 

0.044 

7 

0.021 

0.029 

0.033 

0.037 

0.045 

0.048 

8 

0.024 

O.C32 

0.036 

0.040 

0.049 

0.052 

9 

0.027 

0.035 

0.040 

0.044 

0.052 

0.056 

10 

0.030 

0.038 

0.043 

0.047 

0.056 

0.060 

11 

0.033 

0.041 

0.047 

0.051 

0.060 

0.063 

12 

0.036 

0.045 

0.050 

0.054 

0.064 

0.067 

13 

0.039 

0.048 

0.053 

0.058 

0.067 

0.071 

14 

0.041 

0.051 

0.057 

0.061 

0.071 

0.075 

15 

0.044 

0.054 

0.060 

0.065 

0.075 

0.078 

16 

0.047 

0.057 

0.063 

0.068 

0.078 

0.082 

17 

0.050 

0.060 

0.066 

0.071 

0.082 

0.086 

18 

0.053 

0.063 

0.070 

0.075 

0.085 

0.089 

19 

0.056 

0.067 

0.073 

0.078 

0.089 

0.C93 

20 

0.058 

0.070 

0.076 

0.081 

0.092 

0.096 

21 

0.061 

0.073 

0.079 

0.085 

0.096 

O.ICO 

22 

O.O64 

0.076 

0.082 

0.088 

0.099 

0.104 

23 

0.067 

0.079 

0.086 

0.091 

0.1C3 

0.107 

24 

0.070 

0.082 

0.089 

0.095 

0.106 

0.111 

25 

0.073 

0.085 

0.092 

0.098 

0.110 

0.114 

26 

0.076 

0.088 

0.095 

0.301 

0.113 

0.117 

27 

0.078 

0.091 

0.098 

0.104 

0.116 

0.121 

28 

0.081 

0.094 

0.101 

0.108 

0.120 

0.124 

29 

0.084 

0.097 

0.105 

0.111 

0.123 

0.128 

30 

0.087 

O.ICO 

0.108 

0.114 

0.126 

0.131 

31 

0.090 

0.103 

0.111 

0.117 

0.130 

0.134 

32 

0.093 

0.106 

0.114 

0.120 

0.133 

0.138 

33 

0.096 

0.109 

0.117 

0.124 

0.136 

0.141 

34 

0.098 

0.112 

0.120 

0.127 

0.140 

0,145 

35 

0.101 

0.115 

0.123 

0.130 

0.143 

0.148 

36 

0.104 

0.118 

0.126 

0.133 

0.146 

0.151 

37 

0.107 

0.121 

0.129 

0.136 

0.149 

0.154 

38 

0.110 

0.124 

0.133 

0.139 

0.153 

0.158 

39 

0.113 

0.127 

0.136 

0.143 

0.156 

0.161 

40 

0.116 

P.I30 

0.139 

0.146 

0.159 

0.164 

41 

0.118 

0.133 

0.142 

0.149 

0.162 

0.168 

42 

0.121 

0.136 

0.145 

0.152 

0.166 

0,171 

43 

0.124 

0.139 

0.148 

0.155 

0.169 

0.174 

44 

0.127 

0.142 

0.151 

0.158 

0.172 

0,177 

45 

0.130 

0.145 

0.154 

0.161 

0.175 

0.181 

46 

0.133 

0.148 

0.157 

0.164 

0.179 

0.184 

47 

0.136 

0.151 

0.160 

0.168 

0.182 

0,187 

48 

0.138 

0.154 

0.163 

0.171 

0.185 

0,190 

49 

0.141 

0.157 

0.166 

0.174 

0.188 

0.194 

50 

0.144 

0.160 

0.169 

0.177 

0.191 

0,197 
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Table  I  (continued) 


Jf 

8 

• 

U 

o 

.800 

.900 

.950 

.990 

.995 

r 

0 

0.001 

0.004 

0.005 

0.007 

0.011 

0.013 

1 

0.004 

0.007 

0.009 

0.011 

0.016 

0.018 

2 

0.006 

0.010 

0.013 

0.015 

0.020 

0.022 

3 

0.009 

0.013 

0.016 

0.019 

0.024 

0.027 

4 

0.011 

0.016 

0.019 

0.022 

0.028 

0.031 

5 

0.014 

0.019 

0.023 

0.026 

0.032 

0.034 

6 

0.016, 

0.022 

0.026 

0.029 

0.036 

0.038 

7 

0.019 

0.025 

0.029 

0.032 

0.039 

0.042 

8 

0.021 

0.028 

0.032 

0.035 

0.042 

0.045 

9 

0.024 

0.031 

0.035 

0.038 

0.046 

0.049 

10 

0.026 

0.033 

0.038 

0.042 

0.049 

0.052 

11 

0.029 

0.036 

0.041 

0.045 

0.053 

0.056 

12 

0.031 

0.039 

0.044 

0.048 

0.056 

0.059 

13 

0.034 

0.042 

0.047 

0.051 

0.059 

0.062 

14 

0.036 

0.045 

0.049 

0.054 

C.O62 

0.066 

15 

0.039 

0.047 

0.052 

0.057 

0.065 

0.069 

16 

0.041 

0.050 

0.055 

0.060 

0.069 

0.072 

17 

0.044 

0.053 

0.058 

0.063 

0.072 

0.075 

18 

0.046 

0.056 

0.061 

0.066 

0.075 

0.078 

19 

0.049 

0.058 

0.064 

0.068 

0.078 

0.081 

20 

0.051 

0.061 

0.067 

0.071 

0.081 

0.085 

21 

0.054 

O.O64 

0.069 

0.074 

0.084 

0.088 

22 

0.056 

0.066 

0.072 

0.077 

0.087 

0.091 

23 

0.059 

0.069 

0.075 

0.080 

0.090 

0.094 

24 

0.061 

0.072 

0.078 

0.083 

0.093 

0.097 

25 

0.064 

0.074 

0.080 

0.086 

0.096 

0.100 

26 

0.066 

0.077 

0.083 

0.089 

0.099 

0.103 

27 

0.069 

0.080 

0.086 

0.091 

0.102 

0.106 

28 

0.071 

0.082 

0.089 

0.094 

0.105 

0.109 

29 

0.074 

0.085 

0.092 

0.097 

0.108 

0ai2 

30 

0.076 

0.088 

0.094 

O.ICO 

0.111 

0.115 

31 

0.079 

0.090 

0.097 

0.3.03 

0,.114 

0.118 

32 

0.081 

0.093 

0.100 

0.105 

0.117 

0.121 

33 

0.084 

0.096 

0.102 

0.108 

0.120 

0.124 

34 

0.086 

0.098 

0.105 

0.111 

0.122 

0.127 

35 

0.089 

0.101 

0.108 

0.114 

0.125 

0.130 

36 

0.091 

0.104 

0.111 

0.117 

0.128 

0.133 

37 

0.094 

0.106 

0.113 

0.119 

0.131 

0.136 

38 

0.096 

0.109 

0.116 

0.122 

0.134 

0.138 

39 

0.099 

0.112 

0.119 

0.125 

0.137 

o.ia 

40 

0.101 

C.II4 

0.122 

0.128 

0.140 

0.144 

41 

0.104 

0.117 

0.124 

0.130 

0.143 

0.147 

42 

0.106 

0.120 

0.127 

0.133 

0.145 

0.150 

43 

0.109 

0.122 

0.130 

0.136 

0.148 

0.153 

44 

0  111 

0,125 

0.132 

0.139 

0.151 

0.156 

45 

0.114 

0.127 

0.135 

o.ia 

0.154 

0.159 

46 

0.116 

0.130 

0.138 

0.144 

0.157 

0.162 

47 

0.119 

0.133 

0.140 

0.147 

0.160 

0.164 

48 

0.121 

0.135 

0.143 

0.150 

0.162 

0.167 

49 

0.124 

0.138 

0.146 

0.152 

0.165 

0.170 

50 

0.126 

0,140 

0.148 

0.155 

0.168 

0.173 
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F 

C  =  .500 

0 

0.001 

1 

0.003 

2 

0.005 

3 

0.008 

4 

0.010 

5 

0.012 

6 

0.014 

7 

0.017 

8 

0.019 

9 

0.021 

10 

0.023 

11 

0.025 

12 

0.028 

13 

0.03c 

14 

0.032 

15 

0.034 

16 

0.037 

17 

0.039 

18 

0.041 

19 

0.043 

20 

0.045 

21 

0.048 

22 

0.050 

23 

0.052 

24 

0.054 

25 

0.056 

26 

0.059 

27 

O.C6I 

28 

0.063 

29 

O.O65 

30 

0.068 

31 

0,070 

32 

0,072 

33 

0,074 

34 

0,076 

35 

0,079 

36 

0.081 

37 

0,083 

38 

0.085 

39 

0.088 

40 

0.090 

41 

0.092 

42 

0.094 

43 

0.096 

44 

0.099 

45 

0.101 

46 

0.103 

47 

0.105 

48 

0.108 

49 

0.110 

50 

0.112 

Table  I  (continued) 


.800 

.900 

O.CO3 

0.005 

0.006 

0.008 

0.009 

0.011 

0.012 

0.014 

0.014 

0.017 

0.017 

0.020 

0.020 

0.023 

0.022 

0.026 

0.025 

0.028 

0.027 

0.031 

0.030 

0.034 

0.032 

0.036 

0.035 

0.039 

0.037 

0.041 

C.C40 

0.044 

0.042 

0.046 

0.044 

0.049 

0.047 

0.052 

0.049 

0.C54 

0.052 

0.057 

0.054 

0.059 

0.057 

0.062 

0.059 

O.C64 

0.061 

0.067 

O.O64 

0.069 

0.066 

0,072 

0.069 

C.O74 

0-.071 

0.076 

0.073 

0,079 

0.076 

0.081 

0.078 

0,084 

0.080 

0.086 

0.083 

0,089 

0.085 

0.091 

0.087 

0.094 

0.090 

0.096 

0.092 

0.098 

0.095 

0.101 

0.097 

0.103 

0.099 

0.106 

0.102 

0.108 

0.104 

0,111 

0.106 

0.113 

0.109 

0.115 

0.11] 

0.118 

0.113 

0.12c 

0.116 

0.122 

0.118 

0.125 

0.120 

0,127 

0.123 

0.130 

0.125 

0.132 

198 


.950 

.990 

0.006 

0.010 

0.010 

0,034 

0.013 

0.018 

0.017 

0.022 

0,020 

0,025 

0.023 

0.028 

0.026 

0.032 

0.029 

0.035 

0.031 

0.038 

0.034 

0.041 

0.037 

0.044 

0.040 

0.047 

0.C42 

0.050 

0.045 

0.052 

0.048 

0.055 

0.C50 

0.058 

0.053 

0.061 

0.056 

0.064 

0.C58 

0.067 

0.061 

0.069 

O.C63 

0.072 

0.066 

0.075 

0.069 

0,077 

■0.071 

0.080 

0,074 

0.C83 

0,076 

0.085 

0.079 

0.088 

0,081 

0.091 

0.084 

0,093 

0,086 

0.096 

0.069 

0.099 

0.091 

0.101 

0.094 

C.IO4 

0.096 

0.106 

0.099 

0.109 

0.101 

0,112 

0.104 

0.114 

0.106 

0,117 

0.109 

0.119 

0.111 

0.122 

0.114 

0.124 

0,116 

0.127 

0.119 

0.130 

0.121 

0.132 

0.123 

0.135 

0.126 

0.137 

0.128 

0.140 

0.131 

C.I42 

0.133 

0,145 

0.136 

0.147 

0.]38 

0.150 

.995 

0.011 

0,016 

0,020 

0,024 

0,027 

0,031 

0,034 

0,037 

0,040 

0,043 

0,046 

0,049 

0,052 

0,055 

0,058 

0,061 

0,064 

0,067 

0.070 

0.072 

0.075 

0.078 

0.081 

0.C84 

0.086 

0,089 

0.092 

0.094 

0.097 

O.ICC 

0.1C2 

0.105 

0,108 

0,110 

0.113 

0.116 

0.118 

0.121 

0.123 

0.126 

0.129 

0.131 

0.134 

0.136 

0.139 

0,141 

0.144 

0.146 

0.149 

0.152 

0,154 
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Table  I  (continued) 


F 

0 

C  =  .500 

.800 

.900 

.950 

.990 

.995 

0.001 

0.003 

0.CC4 

0.005 

0.009 

0.010 

1 

0.003 

0.005 

0.007 

0.009 

0.013 

0.014 

2 

0.005 

0.008 

0.010 

0.012 

0.016 

0.018 

3 

0.007 

0.011 

0.013 

0,015 

0.019 

0.021 

4 

0.009 

0.013 

0.015 

O0OI8 

0.023 

0.024 

5 

0.011 

0.015 

0.018 

0.020 

0.026 

0.028 

6 

0.013 

0.018 

0.120 

0.023 

0.028 

0.031 

7 

0.015 

0.020 

0.023 

0,026 

0.031 

0.033 

8 

0.017 

0.022 

0.025 

0.028 

0.034 

0.036 

9 

0.019 

0.024 

0.028 

0.031 

0,037 

0.039 

10 

0.021 

0.027 

0.030 

0.033 

0.039 

0.042 

11 

0.023 

0.029 

0.033 

0.036 

0.042 

0.045 

12 

0.025 

0.031 

0.035 

0.038 

0.045 

0.047 

13 

0.027 

0.033 

0.037 

0.041 

0.047 

0.050 

14 

0.029 

0.036 

0.040 

0.043 

0.050 

0.052 

15 

0.031 

0.038 

0.042 

0,045 

0.052 

0.055 

16 

0.033 

0.040 

0.044 

0.048 

0.055 

0.058 

17 

0.035 

0.042 

0.046 

0.05c 

0.057 

0.060 

18 

0.037 

0.044 

0.049 

0.052 

0.060 

0.063 

19 

0.039 

0.047 

0.051 

0.055 

0.062 

0.065 

20 

o.oa 

0.049 

0.053 

0.057 

0.065 

0.068 

21 

0.043 

0.051 

0.055 

0.059 

0.067 

0.070 

22 

0.045 

0.053 

0.058 

0.C62 

0.070 

0.073 

23 

0.047 

0.055 

0.060 

0.064 

0.072 

0.075 

24 

0.049 

0.057 

0.062 

0.066 

0.075 

0.078 

25 

0.051 

0.060 

0.064 

0.069 

0.077 

0.080 

26 

0.053 

0.062 

0.067 

0.071 

0.079 

0.083 

27 

0.055 

0.064 

0.069 

0.073 

0.082 

0.085 

28 

0.057 

0.066 

0.071 

0.075 

0.084 

0.087 

29 

0.059 

0.068 

0.073 

0.078 

0.087 

0.090 

30 

0.061 

0.070 

0.075 

0.080 

0.089 

0.092 

31 

0.063 

0.072 

0.078 

0.082 

0.091 

0.095 

32 

0,065 

0.074 

0.080 

0.085 

0.094 

0.097 

33 

0.067 

0.077 

0.082 

0,087 

0.096 

0.099 

34 

0.069 

0.079 

0.084 

0.089 

0.098 

0.102 

35 

0.071 

0.081 

0.086 

0.091 

0.101 

0.104 

36 

0.073 

0.083 

0.089 

0.093 

0.103 

0.107 

37 

0.075 

0.085 

0.091 

0.096 

0.105 

0.109 

38 

0.077 

0.087 

0.093 

0.098 

0.108 

0.111 

39 

0.079 

0.089 

0.095 

O.ICO 

0.110 

0.114 

40 

0.081 

0.091 

0.097 

0.102 

0,112 

0.116 

41 

0.083 

0.094 

0.100 

0.105 

0.114 

0.118 

42 

0.085 

0.096 

0.102 

0.107 

0.117 

0.121 

43 

0.087 

0.098 

0.104 

0.109 

0.119 

0.123 

44 

0.089 

0.100 

0.106 

0.111 

0.121 

0.125 

45 

0.091 

0.102 

0.108 

0.113 

0.124 

0,128 

46 

0.093 

0.104 

0.110 

0.116 

0.126 

0.130 

47 

0.095 

0.106 

0.112 

0.118 

0.128 

0.132 

48 

0.097 

0.108 

0.115 

0.120 

0.130 

0.134 

49 

0.099 

0.110 

0.117 

0.122 

0.133 

0.137 

50 

0.101 

0.112 

0.119 

0.124 

0.135 

0.139 
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Table  I  (continued) 


C  =  .500 

.800 

o9C0 

.950 

.990 

.995 

pi 

500  51 

0.103 

0.115 

0.121 

0.127 

0.137 

0.1  a 

52 

0.105 

0.117 

0.123 

0.129 

0.139 

0.144 

53 

0,107 

0.119 

0.125 

0.131 

0.142 

0.146 

54 

0.109 

0.121 

0.127 

0.133 

0.144 

0.148 

55 

0.111 

0.123 

0.130 

0.135 

0.146 

0.150 

56 

0.113 

0.125 

0.132 

0.137 

0.148 

0.153 

57 

0.115 

0.127 

0.134 

0,140 

0.151 

0.155 

58 

0.117 

0.129 

0.136 

0.142 

0.153 

0.157 

59 

0.119 

0.131 

0.138 

0.144 

0.155 

0.159 

60 

0.121 

0.133 

0.140 

0.146 

0.157 

0.16? 

61 

0.123 

0.135 

0.142 

0.148 

0.160 

0.164 

62 

0.125 

0.138 

0.145 

0.150 

0,162 

0.166 

63 

0.127 

0.140 

0,147 

0.153 

0.164 

0.168 

64 

0.129 

0.142 

0.149 

0.155 

0.166 

0.171 

65 

0.131 

0.144 

0.151 

0.157 

0.168 

0.173 

66 

0.133 

0.146 

0.153 

0.159 

0.171 

0.175 

67 

0.135 

0.148 

0.155 

0.161 

0.173 

0.177 

68 

0.137 

0.150 

0.157 

0.163 

C.175 

0.179 

69 

0.139 

0.152 

0.159 

0.165 

0.177 

0.182 

70 

0.141 

0.154 

0.161 

0.168 

0.179 

0.184 

71 

0.143 

0.156 

0.164 

0.170 

0.182 

0.186 

72 

0.145 

0.158 

0.166 

C.172 

0.184 

0.188 

73 

0.147 

0.160 

0.168 

0.174 

0.186 

0.191 

74 

0.149 

0.162 

0,170 

0.176 

0.188 

0.193 

75 

0.151 

0.165 

0.172 

0.178 

0.190 

0.195 

76 

0.153 

0.167 

0.174 

0.180 

0.193 

0.197 

77 

0.155 

0.169 

0.176 

0.183 

0.195 

0.199 

78 

0.157 

0.171 

0.178 

0.185 

0.197 

0.202 

79 

0.159 

0.173 

0.180 

0.187 

0.199 

0.204 

80 

C.161 

0.175 

0.183 

0.189 

0.201 

0.206 

81 

0.163 

0.177 

0.185 

0.191 

0.204 

0.208 

82 

0.165 

0.179 

0.187 

0.193 

0.206 

0.2D0 

83 

0.167 

0.181 

0.189 

0.195 

0.208 

0.213 

84 

0.169 

0.183 

0.191 

0.197 

0.210 

0.215 

85 

0.171 

0.185 

0.193 

0.200 

0.212 

0.217 

86 

0.173 

0.187 

0.195 

0.202 

0.214 

0.219 

87 

0.175 

0.189 

0.197 

0.204 

0.217 

0.221 

88 

0.177 

0.191 

0.199 

0.206 

0.219 

0.223 

89 

0.179 

0.193 

0.201 

0.208 

0.221 

0.226 

90 

0.181 

0.196 

0.203 

0.210 

0.223 

0.228 

91 

0.183 

0.198 

0.206 

0.212 

0.225 

0.230 

92 

0.185 

0.200 

0.208 

0.214 

0.227 

0.232 

93 

0.187 

0.202 

0.210 

0.216 

0.229 

0.234 

94 

0.189 

0.204 

0.212 

0.219 

0.232 

0.236 

95 

0.191 

0.206 

0.214 

0.221 

0.234 

0.239 

96 

0.193 

0.208 

0.216 

0.223 

0.236 

0.2a 

97 

0.195 

0.210 

0.218 

0.225 

0.238 

0.243 
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Table  I  (continued) 


T? 

8 

e 

II 

o 

.800 

.900 

,950 

.990 

.995 

r 

0 

0.001 

0.002 

0.004 

0.005 

0.008 

O.OC9 

1 

0.005 

0.005 

0.007 

0.008 

0.012 

0.013 

2 

0.004 

O.OC'7 

0.009 

0.011 

0.015 

0.016 

3 

0.CC6 

0.010 

0.012 

0.014 

0.018 

0.019 

4 

0.008 

0.012 

0.014 

0.016 

0.020 

0.022 

5 

0.010 

0.014 

0.016 

0.019 

0.023 

0.025 

6 

0.012 

0.016 

0.019 

0.021 

0.026 

0.028 

7 

0.013 

0.018 

0.021 

0.023 

0.028 

0.030 

8 

0.015 

0.020 

0.023 

0.026 

0.031 

0.033 

9 

0.017 

0.022 

0.025 

0.028 

0.033 

0.035 

10 

0.019 

0.024 

0.027 

0.030 

0.036 

0.038 

11 

0.021 

0.026 

0.030 

0.032 

0.038 

0.040 

12 

0.023 

0.028 

0.032 

0.035 

0.041 

0.043 

13 

0.024 

0.030 

0.034 

0.037 

0.043 

0.045 

14 

0.026 

0.032 

0.036 

0.039 

0.045 

0.048 

15 

0.028 

0.034 

0.038 

o.oa 

0.048 

0.050 

16 

0.030 

0.036 

0.040 

0.043 

0.050 

0.052 

17 

0.032 

0.038 

0.042 

0.046 

0.052 

0.055 

18 

0.033 

0.040 

0.044 

0.048 

0.054 

0.057 

19 

0.035 

0.042 

0.046 

0.050 

0.057 

0.059 

20 

0.037 

0.044 

0.048 

0.052 

0.059 

0.062 

21 

0.039 

0.046 

0.050 

0.054 

0.061 

0.064 

22 

0.041 

0.048 

0.052 

0.056 

0.063 

0.066 

23 

0.043 

0.050 

0.054 

0.058 

0.066 

0.068 

24 

0.044 

0.052 

0.057 

0.060 

0.068 

0.071 

25 

0.046 

0.054 

0.059 

0.062 

0.C70 

0.073 

26 

0.048 

0.056 

0.061 

C.O64 

0.072 

0.075 

27 

0.050 

0  058 

0.063 

0.067 

0.074 

0.077 

28 

0.052 

0.060 

0  065 

0.069 

0.077 

0.080 

29 

0.053 

0.062 

0.067 

0.071 

0.079 

0.0^ 

30 

0.055 

0.064 

0.069 

0.073 

0.081 

0.084 

31 

0,057 

0.066 

0.071 

0.075 

0.083 

0.086 

32 

0.059 

0.068 

0.073 

0.077 

0.085 

0.088 

33 

0.061 

0.070 

0.075 

0.079 

0.087 

0.091 

34 

0.062 

0.072 

0.077 

0.081 

0.089 

0.093 

35 

0.064 

0.074 

0.079 

0.083 

0.092 

0.095 

36 

0.066 

0.075 

0.081 

0.085 

0.094 

0.097 

37 

0.068 

0.077 

0.083 

0.067 

0.096 

0.099 

38 

0.070 

0.079 

0.085 

0.089 

0.098 

0.101 

39 

0.072 

0.081 

0.087 

0.091 

0.100 

0.103 

40 

0.073 

0.083 

0.089 

0.093 

0.102 

0.106 

a 

0.075 

0.085 

0.090 

0.095 

0.104 

0.108 

42 

0.077 

0.087 

0.092 

0.097 

0.106 

0.110 

43 

0.079 

0.089 

0.094 

0.099 

0.108 

0.112 

44 

0.081 

0.091 

0.096 

0.101 

0.110 

0.114 

45 

0.082 

0.093 

0.098 

0.103 

0.113 

0.116 

46 

0.084 

0.095 

0.100 

0.105 

0.115 

0.118 

47 

0.086 

0.097 

0.102 

0.107 

0.117 

0.120 

48 

0.088 

0.098 

0.104 

0.109 

0.119 

0.122 

49 

0.090 

0.100 

C.IO6 

0.111 

0.121 

0.124 

50 

0.092 

0.102 

0.108 

0.113 

0.123 

U.127 
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Tabic  I  (continued) 


V 

C  =  .5C-0 

.800 

.900 

.950 

.990 

.995 

r 

550  51 

0.093 

0.104 

0.110 

0.115 

0.125 

0.129 

52 

0.095 

0.106 

0.132 

0.117 

0.127 

0.131 

53 

0.097 

0.108 

0.114 

0.119 

0.129 

0.133 

54 

0.099 

0.110 

0.116 

0.121 

0.131 

0.135 

55 

0.101 

0.112 

0.118 

0.123 

0.133 

0.137 

56 

0.102 

0.114 

0.120 

0.125 

0.135 

0.139 

57 

0.104 

0.116 

0.122 

0.127 

0.137 

o.ia 

58 

0.106 

0.118 

0.124 

0.129 

0.139 

0.143 

59 

0.108 

0.119 

0.126 

0.131 

0.341 

0.145 

60 

0.110 

0.121 

0.128 

0.133 

0.143 

0.147 

61 

0.112 

0.123 

0.130 

0.135 

C  .1.4.7 

0.149 

62 

0.113 

0.125 

0.131 

0.137 

0.147 

0.151 

63 

0.115 

0.127 

0.133 

0.139 

0.149 

0.153 

64 

0.117 

0.129 

0.135 

0.141 

0.151 

0.155 

65 

0.119 

0.131 

0.137 

0.143 

0.153 

0.157 

66 

0.121 

0.133 

0.139 

0.U5 

0.155 

0.159 

67 

0.122 

0.135 

0.141 

0.147 

0.157 

0.163 

68 

0.124 

0.136 

0.143 

0.149 

0.159 

0.164 

69 

0.126 

0.138 

0.145 

0.151 

0.161 

0.166 

70 

0.128 

0.140 

0.147 

0.153 

0.163 

0.168 

71 

0.130 

0.142 

0.149 

0.155 

0.165 

0.170 

72 

0.132 

0.144 

0.151 

0.156 

0.167 

0.172 

73 

0.133 

0.146 

0.153 

0.158 

0.169 

0.174 

74 

0.135 

0.148 

0.155 

0.16C' 

0.171 

0.176 

75 

0.137 

0.150 

0.157 

0.162 

0.173 

0.178 

76 

0.139 

0.152 

0.158 

0.164 

0.175 

0.180 

77 

0.141 

0.153 

0.160 

0.166 

0.177 

0.182 

f 
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Table  I  (continued) 


c  =  .500 

.800 

.900 

.950 

.990 

.995 

£ 

0 

0.001 

0.002 

0.0C3 

0,004 

0.007 

0.008 

1 

0.002 

0.004 

0.006 

0.0C7 

0.011 

0.012 

2 

0.004 

0.007 

0.008 

0,010 

0.013 

0.015 

3 

0.006 

0.0C9 

0.011 

0.012 

0.016 

0.018 

4 

0.007 

0.011 

0.013 

0.015 

0,019 

0.020 

5 

0.009 

0.013 

0,015 

0.017 

0,021 

0.023 

6 

0.011 

0.015 

0,017 

0.019 

0.024 

0.025 

7 

0.012 

0.017 

0.019 

0,021 

0.026 

0.028 

8 

0.014 

0.018 

0,021 

0.023 

0.028 

0.030 

9 

0.016 

0.020 

0  023 

0.026 

0.031 

0.033 

10 

0.017 

0,022 

0,025 

0,028 

0.033 

0.035 

11 

0.019 

0.024 

0,027 

0.030 

0,035 

0.037 

12 

0.021 

0,026 

0.029 

0.032 

0.037 

0.039 

13 

0.022 

0.028 

0.031 

0.034 

0.039 

0.042 

U 

0.024 

0.030 

0.033 

0,036 

0.042 

0.044 

15 

0.026 

0.031 

0,035 

0.036 

0.044 

0.046 

16 

0.027 

0.033 

0.037 

0.040 

0.046 

0.048 

17 

0.029 

0,035 

0.039 

0.042 

0.048 

0,050 

18 

0.031 

0.037 

o.oa 

0.044 

0.050 

0.052 

19 

0.032 

0.039 

0.042 

C.O46 

0.052 

0.054 

20 

0.034 

o.oa 

0,044 

0.048 

0.054 

0,057 

21 

0.036 

0,042 

0.046 

0.050 

0.056 

0.059 

22 

0.037 

o.ou 

0,048 

0.051 

0.058 

0.061 

23 

0.039 

0.046 

0.050 

0.053 

0,060 

0,063 

24 

o.oa 

0.048 

0.052 

0.055 

0.062 

0.065 

25 

0.042 

0.050 

0.054 

0.057 

O.O64 

0.067 

26 

0,044 

0.051 

0.056 

0.059 

0.066 

0.069 

27 

0,046 

0.053 

0,057 

0.061 

0.068 

0.071 

28 

0.047 

0.055 

0.059 

0.063 

0.070 

0,073 

29 

0,049 

0.057 

0.061 

0.065 

0.072 

0.075 

30 

0,051 

0,058 

0,063 

0.067 

0.074 

0.077 

31 

0.052 

0.060 

0,065 

0,069 

0,076 

0.079 

32 

0,054 

0.062 

0.067 

0.070 

0.078 

0.081 

33 

0,056 

0,064 

0.068 

0.072 

0.080 

0.083 

34 

0,057 

0.066 

0.070 

0.074 

0.082 

0,085 

35 

0,059 

0,067 

0.072 

0.076 

C>084 

0,087 

36 

0,061 

0,069 

0.074 

0.078 

0,086 

0,089 

37 

0,062 

0,071 

0.076 

0.080 

0.088 

0.091 

38 

0,064 

0.073 

0.078 

0,082 

0.090 

0.093 

39 

0,066 

0,074 

0,079 

0.084 

0.092 

0.095 

40 

0,067 

0.076 

0,081 

0,085 

0.094 

0,097 

41 

0,069 

0.078 

0.083 

0.087 

0.096 

0.099 

42 

0,071 

0,080 

0,085 

0,089 

0,098 

0.101 

43 

0,072 

0.081 

0.087 

0,091 

0.099 

0,103 

44 

0.074 

0.083 

0.088 

0.093 

0.101 

0.105 

45 

0.076 

0.085 

0.090 

0.095 

0.103 

0.107 

46 

0,077 

0.087 

0,092 

0.096 

0.105 

0.108 

47 

0,079 

0.089 

0,094 

0.098 

0,107 

0,110 

48 

0.081 

0.090 

0.096 

0,100 

0.109 

0.112 

49 

0,082 

0.092 

0.097 

0,102 

0.111 

0,114 

50 

0,084 

0.094 

0.099 

0,104 

0.113 

0,116 
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V 

0  =  .500 

.800 

.900 

.950 

.990 

.995 

r 

600  51 

0.086 

0.096 

0.101 

0.106 

0.115 

0.118 

52 

0.087 

0.097 

0.103 

0.107 

0JJ.7 

0.120 

53 

0.089 

0.099 

0.105 

0.109 

0.118 

0.122 

54 

0.091 

0.101 

0.106 

0.111 

0.120 

0.124 

55 

0.092 

0.103 

0.108 

0.113 

0.122 

0.126 

56 

0.094 

0.104 

C.UO 

0.115 

0.124 

0.128 

57 

0.096 

0.106 

0.112 

0.117 

0.126 

0.129 

58 

0.097 

0.108 

0.113 

0.118 

0.128 

0.131 

59 

0.099 

0.109 

0.115 

0.120 

0.130 

0.133 

60 

0.101 

0.111 

0.117 

0.122 

0.132 

0.135 

61 

0.102 

0.113 

0.119 

0.124 

0.133 

0.137 

62 

0.104 

0.115 

0.121 

0.126 

0.135 

0.139 

63 

0.106 

0.116 

0.122 

0.127 

0.137 

0.141 

64 

0.107 

0.118 

0.124 

0.129 

0.139 

0.143 

65 

0.109 

0.120 

0.126 

0.131 

o.ia 

0.145 

66 

0.111 

0.122 

0.128 

0.133 

0.143 

0.146 

67 

0.112 

0.123 

0.129 

0.135 

0.145 

0.148 

68 

0.114 

0.125 

0.131 

0.136 

0.146 

0.150 

69 

0.116 

0.127 

0.133 

0.138 

0.148 

0.152 

70 

0.117 

0.129 

0.135 

0.140 

0.150 

0.154 

71 

0,119 

0.130 

0.137 

0.142 

0.152 

0.156 

72 

0.121 

0.132 

0.138 

0.144 

0.154 

0.158 

73 

0.122 

0.134 

0.140 

0.U5 

0.156 

0.159 

?.0k 
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F 

C  =  .500 

.800 

0 

0.001 

0,002 

1 

0.002 

0.004 

2 

0.004 

0.006 

3 

0.005 

0.008 

4 

0.007 

0.010 

5 

0.008 

0.012 

6 

0.010 

0.013 

7 

0.011 

0.015 

8 

0.013 

0.017 

9 

0.014 

0,019 

10 

0.016 

0.020 

11 

0.017 

0.022 

12 

0.019 

0.024 

13 

o.oa 

0.026 

14 

0.022 

0.027 

15 

0.024 

0.029 

16 

0.025 

0.031 

17 

0.027 

0,032 

18 

0.028 

0,034 

19 

0.030 

0.036 

20 

0.031 

0.037 

21 

0.033 

0,039 

22 

0.034 

0.041 

23 

0.036 

0.042 

24 

0.037 

0-044 

25 

0.039 

0.046 

26 

0.041 

0.047 

27 

0,042 

0,049 

28 

0.044 

0.051 

29 

0,045 

0,052 

30 

0.047 

0,054 

31 

0,048 

0.056 

32 

0.050 

0,057 

33 

0.051 

0.059 

34 

0.053 

0,C6l 

35 

0,054 

0,062 

36 

0,056 

0,064 

37 

0,057 

0,065 

38 

0,059 

0,067 

39 

0,060 

0,069 

40 

0,062 

0.070 

41 

0.064 

0,072 

42 

0,065 

0,074 

43 

0,067 

0,075 

44 

0,068 

0,077 

45 

0.070 

0,078 

46 

0,071 

0,080 

47 

0,073 

0,082 

48 

0.074 

0,083 

49 

0,076 

0.085 

50 

0,077 

0,087 

Table  I  (continued) 


.900 

0 

0 

.990 

.995 

0.003 

0.004 

0.007 

0.008 

0.005 

0.007 

0.010 

0.011 

0.008 

0.009 

0.012 

0.014 

0.010 

0.011 

0,015 

0.016 

0.012 

0.014 

0.017 

0.019 

0.014 

0.016 

0.020 

0,021 

0.016 

0.018 

0.022 

0.023 

0.018 

0.020 

0,024 

0.026 

0.019 

0.022 

0.026 

0.048 

0.021 

0.024 

0.028 

0,030 

0.023 

0.025 

0.030 

0.032 

0,025 

0.027 

0,032 

0,034 

0.027 

0.029 

0.034 

0,036 

0.029 

0,031 

0.036 

0.038 

0.030 

0.033 

0,038 

0,040 

0.032 

0.035 

0,040 

0,042 

0.034 

0.037 

0,042 

0.044 

0.036 

0.038 

0.044 

0.046 

0.037 

0,040 

0,046 

0.048 

0.039 

0.042 

0.048 

0.050 

0.041 

0.044 

0.050 

0.052 

0.043 

0.046 

0.052 

C.O54 

0.044 

0.047 

0,054 

0.056 

0,046 

0.049 

0.056 

0.058 

0.048 

0,051 

0.057 

0,060 

0.050 

0.053 

0.059 

0.062 

0.051 

0.055 

0.061 

0.064 

0.053 

0,056 

0,063 

0.066 

0.055 

0.058 

0.065 

0.067 

0.056 

0.060 

0,067 

0.069 

0,058 

0.062 

0.069 

0.071 

0,060 

0.063 

0,070 

0.073 

0.061 

O.O65 

0,072 

0,075 

0,063 

0.067 

0,074 

0,077 

0.065 

0.069 

0.076 

0.079 

0.067 

0,070 

0.078 

0,080 

0,068 

0.072 

0.079 

0,082 

0,070 

0,074 

0.081 

0,08*4 

0,072 

0.075 

0.083 

0.086 

0,073 

0,077 

0,085 

0.088 

0.075 

0,079 

0,087 

0  089 

0,077 

0,081 

0.088 

0,091 

0.078 

0.082 

0.090 

0.093 

0.080 

0.084 

0,092 

0.095 

0.082 

0,086 

0.094 

0.097 

0,083 

0,087 

0.095 

0.098 

0.085 

0,089 

0.097 

0,100 

0.087 

0.091 

0,099 

0.102 

0.088 

0.092 

0.101 

0.104 

0.090 

0.094 

0.102 

0,106 

0.092 

0.096 

0.104 

0.107 
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F 

C  =  .500 

.800 

.900 

.950 

1990 

.995 

r 

51 

0.079 

0.088 

0.093 

0.098 

0.106 

0.109 

52 

0.080 

0.090 

0.095 

0.099 

0.108 

0.111 

53 

0.082 

0.091 

0.097 

0.101 

0.109 

0.113 

5A 

0.084 

0.093 

0.098 

0.103 

0.111 

0.114 

55 

0.085 

0.095 

0.100 

0.104 

0.113 

0.116 

56 

0.087 

0.096 

0.102 

0.106 

0.115 

0.118 

57 

0.088 

0.098 

0.]03 

0.108 

0.116 

0.120 

58 

0.090 

0.099 

0.105 

0.109 

0.118 

0.121 

59 

0.091 

0.101 

0.106 

0.111 

0.120 

0.123 

60 

0.093 

0.103 

0.108 

0.113 

0.122 

0.125 

61 

0.094 

0.104 

0.110 

0.114 

0.123 

0.127 

62 

0.096 

0.106 

0.111 

0.116 

0.125 

0.128 

63 

0.097 

0.107 

0.113 

0.118 

0.127 

0.130 

64 

0.099 

0.109 

0.115 

0.119 

0.128 

0.132 

65 

0.100 

0.111 

0.116 

0.121 

0.130 

0.134 

66 

0.102 

0.112 

0.118 

0.123 

0.132 

0.135 

67 

0.104 

0.114 

0.120 

0.124 

0.134 

0.137 

68 

0.105 

0.116 

0.121 

0.126 

0.135 

0.139 

69 

0.107 

0.117 

0.123 

0.128 

0.137 

0.140 

70 

0.108 

0.119 

0.124 

0.129 

0.139 

0.142 
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Table  1  (continued) 


F 

0 

C  =  .500 

.800 

.900 

.950 

.990 

.995 

0.000 

0.002 

0,003 

0.004 

0.006 

0.007 

1 

0.002 

0.004 

0.005 

0.006 

0.009 

0.010 

2 

0.003 

0.006 

0,007 

0,008 

0,011 

0.013 

3 

0.005 

0.007 

0.009 

0.011 

0,014 

0.015 

4 

0.006 

0.009 

0.011 

0.013 

0.016 

0.017 

5 

0.008 

0.011 

0,013 

0.014 

0.018 

0.020 

6 

0.009 

0.012 

0,014 

0,016 

0.020 

0.022 

7 

0.010 

0.014 

0.016 

0.018 

0.022 

0.024 

8 

0.012 

0.016 

0.018 

0.020 

0.024 

0.026 

9 

0.013 

0.017 

0.020 

0.022 

0.026 

0.028 

10 

0.015 

0.019 

0.021 

0.024 

0.028 

0.030 

11 

0.016 

0.021 

0.023 

0.025 

0.030 

0.032 

12 

0.018 

0.022 

0.025 

0.027 

0.032 

0.034 

13 

0,019 

0.024 

0.026 

0.029 

0.034 

0.036 

14 

0.020 

0.025 

0.028 

0.031 

0,036 

0.037 

15 

0.022 

0.027 

0.030 

0.032 

0.037 

0.039 

16 

0.023 

0.028 

0.031 

0.034 

0.039 

o.oa 

17 

0.025 

0.030 

0.033 

0.036 

o.oa 

0.043 

18 

0.026 

0.032 

0.035 

0.037 

0.043 

0.045 

19 

0.028 

0.033 

0.036 

0.039 

0.045 

0.047 

20 

0.029 

0.035 

0.038 

0.041 

0.0^ 

0.049 

21 

0.030 

0.036 

0.040 

0.042 

0.048 

0.050 

22 

0,032 

0.038 

o.oa 

0.044 

0.050 

0.052 

23 

0.033 

0.039 

0.043 

0.046 

0.052 

0.054 

24 

0.035 

o.oa 

0.044 

0.047 

0.053 

0.056 

25 

0.036 

0.042 

0.046 

0.049 

0.055 

0.057 

26 

0.038 

o.ou 

0.048 

0.051 

0.057 

0.059 

27 

0.039 

0.046 

0,049 

0.052 

0.059 

0.061 

28 

0.040 

0.047 

0.051 

0.054 

0.060 

0.063 

29 

0.042 

0.049 

0.052 

0.056 

0.062 

0.064 

30 

0.043 

0.050 

0.054 

0,057 

0,064 

0.066 

31 

0.045 

0.052 

0.055 

0,059 

0,065 

0.068 

32 

0.046 

0.053 

0.057 

0.060 

0,067 

0.070 

33 

0,048 

0.055 

0.059 

0,062 

0.069 

0.071 

34 

0,0/9 

0.056 

0.060 

0.064 

0.070 

0.073 

35 

0,050 

0.058 

0.062 

0.065 

0.072 

0.075 

36 

0.052 

0.059 

0,063 

0.067 

0.074 

0.076 

37 

0,053 

0.061 

0,065 

0.068 

0,075 

0.078 

38 

0,055 

0.062 

0.066 

0,070 

0,077 

0.080 

39 

0.056 

0,064 

0,068 

0.072 

0.079 

0.081 

40 

0,058 

0,065 

0,070 

0,073 

0.080 

0.083 

a 

0.059 

0.067 

0.071 

0.075 

0.082 

0.085 

42 

0.060 

0.068 

0.073 

0,076 

0.084 

0.086 

43 

0.062 

0.070 

0,074 

0,078 

0.085 

0.088 

U 

0,063 

0.071 

0.076 

0.080 

0.087 

0.090 

45 

0.065 

0.073 

0,077 

0.081 

0.089 

0.091 

46 

0.066 

0,074 

0.079 

0.083 

0.090 

0.093 

47 

0.068 

0,076 

0.080 

0.084 

0.092 

0.095 

48 

0.069 

0.077 

0.082 

0.086 

0.094 

0.096 

49 

0.070 

0.079 

0.084 

0.087 

0.095 

0,098 

50 

0,072 

0,080 

0.085 

0.089 

0,097 

0.100 
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F 

o 

II 

• 

8 

51 

0.073 

52 

0.075 

53 

0.076 

54 

0.078 

55 

0.079 

56 

0,080 

57 

0.082 

58 

0.083 

59 

0.085 

60 

0.086 

61 

0.088 

62 

0.089 

63 

0.090 

64 

0.092 

65 

0.093 

66 

0.095 

67 

0.096 

Table  I  (continued) 


.800 

.900 

0.082 

0.087 

0.083 

0.088 

0.085 

0.090 

0.086 

0.091 

0.068 

0.093 

0.089 

0.094 

0.091 

0.096 

0.092 

0.097 

0.094 

0.099 

0.095 

0.100 

0.097 

0.102 

0.098 

0.103 

0.100 

0.105 

0.101 

0.106 

0.103 

0.108 

0.104 

0.110 

0.106 

0.111 

.950 

.990 

0.091 

0.098 

0.092 

0.100 

0.094 

0.102 

0.095 

0.103 

0.097 

0.105 

0.098 

0.107 

0.100 

0.108 

0.102 

0.110 

0.103 

0.111 

0.105 

0.113 

0.106 

0.115 

0.108 

0.116 

0.109 

0.118 

0.111 

0.119 

0.112 

0.121 

0.114 

0.123 

0.116 

0.124 

2oe 


.995 

0.101 

0.103 

0.105 

0.106 

0.108 

0.110 

0.111 

0.113 

0.114 

0.116 

0.118 

0.119 

0.121 

0.123 

0.124 

0.126 

0.127 
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Table  I  (continued) 


o 

o 

if\ 

• 

II 

o 

.800 

.900 

,950 

.990 

.995 

¥ 

0 

0.000 

0,002 

0.003 

0.003 

0,006 

0.007 

1 

0.002 

0.003 

0.0C5 

0.006 

0,008 

0.009 

2 

0.0C3 

0.005 

0,007 

0,008 

0,011 

0.012 

3 

0,004 

0.007 

0,008 

0,010 

0,013 

0.014 

4 

0.006 

0,008 

0,010 

0,012 

0.015 

0.016 

5 

0,007 

O.CiO 

0.012 

0.013 

0,017 

0.018 

6 

0,008 

0.012 

0,014 

0.015 

0,019 

0.020 

7 

0,010 

0.013 

0.015 

0,017 

0.021 

0,022 

8 

0,011 

0,015 

0.017 

0,019 

0,023 

0,024 

9 

0,012 

0.016 

0.018 

0.020 

0.024 

0.026 

1C 

0,014 

0.018 

0.020 

0,022 

0.026 

0.028 

11 

0,015 

0.019 

0.022 

0.024 

0.028 

0.030 

12 

0,016 

0,021 

0,023 

0,025 

0.030 

0,031 

13 

0,018 

0,022 

0,025 

0,027 

0,031 

0,033 

14 

0,019 

0,024 

0.026 

0.029 

0.033 

0.035 

15 

0,020 

0,025 

0,028 

0.030 

0.035 

0,037 

16 

0.022 

0.027 

0,029 

0.032 

0,037 

0.038 

17 

0.023 

0.028 

0,031 

0,033 

0.038 

0,040 

18 

0,024 

0.029 

0.032 

0,035 

0.040 

0,042 

19 

0.026 

0,031 

0.034 

0.036 

0.042 

0,044 

20- 

0,027 

0.032 

0.035 

0.038 

0.043 

0.045 

21 

0.028 

0,034 

0.037 

0.040 

0.045 

0.047 

22 

0.030 

0.035 

0,038 

0.041 

0.047 

0.049 

23 

0.031 

0.037 

0,040 

0.043 

0.048 

0.050 

24 

0.032 

0.038 

0.041 

0.044 

0.050 

0.052 

25 

0.034 

0,040 

0.043 

0.046 

0.051 

0.054 

26 

0.035 

0,041 

0.044 

0,047 

0.053 

0,055 

Z'’ 

0,036 

0.042 

0.046 

0.049 

0.055 

0.057 

28 

0,038 

o.ou 

0,047 

0,050 

0.056 

0.058 

29 

0,039 

0,045 

0,049 

0,052 

0.058 

0,060 

30 

0,040 

0.047 

0.050 

0.053 

0.059 

0,062 

31 

0,042 

0.048 

0,052 

0,055 

0.061 

0,063 

32 

0.043 

0,050 

0,053 

0.056 

0,063 

0.065 

33 

0.044 

0.051 

0.055 

0.058 

0.064 

0,067 

34 

0,046 

0.052 

0.056 

0.059 

0.066 

0,068 

35 

0,047 

0.054 

0.058 

0.061 

0.067 

0,070 

36 

0,048 

0.055 

0,059 

0.062 

0.069 

0.071 

37 

0.050 

0.057 

0.061 

0.064 

0.070 

0,073 

38 

0,051 

0,058 

0.062 

0,065 

0.072 

0.074 

39 

0,052 

0,060 

0.063 

0,067 

0.074 

0.076 

40 

0,054 

0.061 

0.065 

0.068 

0.075 

0.078 

a 

0.055 

0,062 

0.066 

0.070 

0.077 

0.079 

42 

0.056 

0.064 

0.068 

C.071 

0  078 

0.081 

43 

0.058 

0,065 

0.069 

0.073 

0.080 

0.082 

44 

0.059 

0.067 

0.071 

0.074 

0.081 

0.084 

45 

0.060 

0.068 

0,072 

0.076 

0.083 

0,085 

46 

0.062 

0,069 

0.074 

0.077 

0.084 

0,087 

47 

0.063 

0.071 

0,075 

0.079 

0.086 

0,089 

48 

0.064 

0,072 

0.077 

0.080 

0.087 

0,090 

49 

0.066 

0.074 

0  078 

0.082 

0.089 

0.092 

50 

0.067 

0.075 

0.079 

0.083 

0.090 

0,093 
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F 

o 

II 

• 

8 

51 

0.068 

52 

0.070 

53 

0.071 

54 

0.072 

55 

0.074 

56 

0.075 

57 

0.076 

58 

0.078 

59 

0.079 

60 

0.08C 

61 

0.082 

62 

0.083 

63 

0.084 

64 

0.086 

65 

0.087 

Table  I  (continued) 


.800 

.900 

.950 

.990 

0.076 

0.081 

0.085 

0.092 

0.078 

0.082 

0.086 

0.093 

0.079 

0.084 

0.088 

0.095 

0.081 

0.085 

0.089 

0.096 

0.082 

0.087 

0.090 

0.098 

0.083 

0.088 

0.092 

0.C99 

0.085 

0.089 

0.093 

0.101 

0.086 

0.091 

0.095 

0.103 

0.088 

0.092 

0.096 

0.104 

0.089 

0.094 

0.098 

0.106 

0.090 

0.095 

0.099 

0.107 

0.092 

0.097 

0.101 

0.109 

0.093 

0.098 

0.102 

0.110 

0.095 

0.099 

0.104 

0.111 

0.096 

0.101 

0.105 

0.113 

.995 

0.095 

0.096 

0.098 

0.099 

0.101 

0.1C2 

0.104 

0.105 

0.107 

0.108 

0.110 

0.111 

0.113 

0.114 

0.116 
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F 

C  =  .500 

.800 

0 

0.000 

0.002 

1 

0.002 

0.003 

2 

0.003 

0.005 

3 

0.004 

0.006 

4 

0.005 

0.0C8 

5 

0.007 

0.009 

6 

0.008 

0.011 

7 

0.009 

0.012 

8 

0.010 

0.014 

9 

0.012 

0.015 

10 

0.013 

0.017 

11 

0.014 

0.018 

12 

0.015 

0.019 

13 

0.017 

0.021 

14 

0.018 

0.022 

15 

0.019 

0.023 

16 

0.020 

0.025 

17 

0.022 

0.026 

18 

0.023 

0.028 

19 

0.024 

0.029 

20 

0,025 

0.030 

21 

0.027 

0.032 

22 

0.028 

0.033 

23 

0,029 

0.034 

24 

0.030 

0.036 

25 

0,032 

0.037 

26 

0.033 

0.038 

27 

0.034 

0.040 

28 

0.035 

0,041 

29 

0.037 

0.042 

30 

0.038 

0.044 

31 

0.039 

0.045 

32 

0.040 

0.046 

33 

0.042 

0.048 

34 

0.043 

0.049 

35 

0.044 

0.050 

36 

0.045 

0.052 

37 

0.047 

0.053 

38 

0.048 

0.054 

39 

0.049 

0.056 

40 

0.050 

0.057 

a 

0.052 

0.058 

42 

0.053 

0.060 

43 

0.054 

0.061 

44 

0.055 

0.062 

45 

0.057 

0.064 

46 

0.058 

0.065 

47 

0.059 

0.C66 

48 

0.060 

0.068 

49 

O.O62 

0.069 

50 

0.063 

0.070 

liable  I  (continued) 


.900 

.950 

.990 

0.002 

0.003 

0.005 

0.004 

0.005 

0.008 

0.006 

0.007 

0.010 

0.008 

0.009 

0.012 

0.009 

0.011 

0.014 

0.011 

0.013 

0.016 

0.013 

0.014 

0.018 

0.014 

0.016 

0.019 

0.016 

0.017 

0.021 

0.017 

0.019 

0.023 

0.019 

0.021 

0.025 

0.020 

0.022 

0.026 

0.022 

0.024 

0.028 

0.023 

0.025 

0.029 

0.025 

0.027 

0.031 

0.026 

0.026 

0.033 

0.027 

0.030 

0.034 

0.029 

0.031 

0.036 

0.030 

0.033 

0.037 

0.032 

0.034 

0.039 

0.033 

0,036 

o.oa 

0.035 

0,037 

0.042 

0.036 

0,039 

0,044 

0.037 

0.04c 

0.045 

0,039 

o.ca 

0.047 

0,040 

0.043 

0.048 

0.042 

0.044 

0.050 

0.043 

0,046 

0.051 

0.044 

0.047 

0.053 

0.046 

C.O49 

C.C54 

0.047 

0.050 

0.056 

0.049 

0.051 

0.057 

0.050 

0.053 

0.059 

0.051 

0.054 

0.060 

0.053 

0.056 

0.062 

0.054 

0.057 

0.063 

0.055 

0.058 

0.065 

0.057 

0.060 

0.066 

0.058 

0.061 

0.067 

0.060 

0.063 

0.069 

0.061 

0.064 

0.070 

0.062 

O.C65 

0.072 

0.064 

0.067 

0.073 

0.065 

0.068 

0.075 

0.066 

0.070 

0.076 

0.068 

0.071 

0.078 

0.069 

0.072 

0.079 

0.070 

0.074 

0.081 

0.072 

0.075 

0.082 

0.073 

0.077 

0.683 

0.074 

0.078 

0.085 

.995 

0.C06 

0.009 

0.011 

0.013 

0.015 

0.01'^ 

0.019 

0,021 

0.023 

0.024 

0.026 

0.C28 

0.029 

0.031 

0.033 

0.034 

0.036 

0.038 

0.039 

0.041 

0.042 

0.044 

0.046 

0.047 

0.049 

0.050 

0.052 

0.053 

0.055 

0.056 

0.058 

0.059 

0.061 

0.062 

0.064 

0.065 

0.067 

0.068 

0.070 

0.071 

0.073 

0.074 

0.076 

0.077 

0.079 

0.080 

0.082 

0.083 

0.084 

0.086 

0.087 
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Table  I  (continued) 


F 

C  =  .500 

.800 

.900 

.950 

.990 

.995 

51 

0.064 

0,072 

0.076 

0.079 

0.086 

0.089 

52 

0.065 

0.073 

0.077 

0.081 

0.088 

0.090 

53 

0.067 

0.074 

0.078 

0.082 

0.089 

0.092 

54 

0.068 

0.076 

0.080 

0.083 

0.090 

0.093 

55 

0.069 

0.077 

0.081 

0,085 

0.092 

0.095 

56 

0.070 

0.078 

0.C83 

0.086 

0.093 

0.096 

57 

0.072 

0.079 

0.084 

0.088 

0.095 

0.097 

58 

0.073 

0.081 

0.085 

0.089 

C.096 

0.099 

59 

0.074 

0.082 

0.087 

0.090 

0.098 

0.100 

60 

0.075 

0.083 

0.088 

0.092 

0.099 

0.102 

6l 

0.077 

0.065 

0.089 

0.093 

0.100 

0.103 

62 

0.078 

0.086 

0.091 

0.094 

0.102 

0.105 

63 

0.079 

0.087 

0.092 

0.096 

0.103 

0.106 
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Table  1  (continued) 


C  =  .500 

.800 

.900 

.950 

.990 

.995 

F 

0 

0.000 

0.001 

0.002 

0.003 

0.005 

0,006 

1 

0.001 

0.003 

0.004 

0.005 

0.007 

0,008 

2 

0.0C3 

0.005 

0.006 

0.007 

O.CO9 

0.010 

3 

0.004 

0.006 

0.007 

0.009 

0.011 

0,0l2 

4 

0.005 

0.007 

0.009 

0.010 

0.013 

0.014 

5 

0.006 

O.OC9 

0.010 

0.012 

0.015 

0,016 

6 

0.007 

0.010 

0.012 

0.013 

0.017 

0.018 

7 

0.009 

0.012 

0.013 

0.015 

0.018 

0.020 

8 

0.101 

0.013 

0.015 

0.016 

0.020 

0.021 

9 

0.011 

0.014 

0.016 

0.018 

0.021 

0,023 

10 

0.012 

0.016 

0.018 

O.CI9 

0.023 

0.025 

11 

0.013 

0.017 

0.019 

0.021 

0.025 

0.026 

12 

0.014 

0.018 

0.020 

0.022 

0.026 

0,028 

13 

0.016 

0.019 

0.C22 

0.024 

0.028 

0.029 

14 

0.017 

0.021 

0.023 

0.025 

0.029 

0,031 

15 

0.018 

0.022 

0.024 

0.027 

0.031 

0,032 

16 

0.019 

0.023 

0.026 

0.02s 

0.032 

0,034 

17 

0.020 

0.025 

0.027 

0.029 

0.034 

0,035 

18 

0.021 

0.026 

0.029 

0.031 

0.035 

0,037 

19 

0.023 

0.027 

0.030 

0.032 

0.037 

0.038 

20 

0.024 

0.029 

0.031 

0.034 

0.038 

0.040 

21 

0.025 

0.030 

0.033 

0.035 

0.040 

o.oa 

22 

0.026 

0.031 

0.034 

0.036 

o.oa 

0.043 

23 

0.027 

0.032 

0.035 

0,038 

0.042 

0.C44 

24 

0.029 

0.034 

0.036 

0.039 

0.044 

0.046 

25 

0.030 

0.035 

0.038 

0.040 

0.045 

0.047 

26 

0.031 

0.036 

0.039 

C.O42 

0.047 

0.049 

27 

0.032 

0.037 

0.040 

0.043 

0.048 

0.050 

28 

0.033 

0.039 

0.042 

0,044 

0.050 

0,052 

29 

0.034 

0.C4C 

0.043 

0,046 

0.051 

0,053 

30 

0.036 

0.041 

0.044 

0.047 

0.052 

C.C54 

31 

0.037 

0.042 

0.046 

0.048 

0.054 

0,056 

32 

0.038 

0.044 

0.047 

0.050 

0.055 

0.057 

33 

0.039 

0.045 

0.048 

0.051 

0.057 

0,059 

34 

0.040 

0.046 

0.050 

0.052 

0.058 

0,C60 

35 

o.oa 

0.047 

0.051 

0.054 

0.059 

0,062 

36 

0.043 

0.049 

0.052 

0.055 

0.061 

0.063 

37 

0.044 

0.050 

0.053 

0.056 

0.062 

0.064 

38 

0.045 

0.051 

0.055 

0.058 

O.O64 

0,066 

39 

0.046 

0.052 

0.056 

0.059 

0.065 

0.C67 

40 

0.047 

0.054 

0.057 

0.060 

0.066 

0.069 

a 

0.049 

0.055 

0.059 

0.062 

0.068 

0.070 

42 

0.05^" 

0.056 

0.060 

0.063 

0.069 

0.071 

43 

0.051 

0.057 

0.061 

O.O64 

0.070 

0.073 

U 

0.052 

0.059 

O.C62 

0.066 

0.072 

0.074 

45 

0.053 

0.060 

0.064 

0.067 

0.073 

0.075 

46 

0.054 

0.061 

0.065 

0.C68 

0.074 

0,077 

47 

0.056 

0.062 

0.C66 

0.069 

0.076 

0,078 

48 

0.057 

0.064 

0.C68 

0.071 

0.077 

0.080 

49 

0.058 

0.065 

0.069 

0.072 

0.078 

0.C81 

50 

0.059 

0.066 

0.07C 

0.073 

0.080 

0.082 
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Table  I  (contintied) 


V 

0 

0 

• 

II 

0 

.800 

.900 

.950 

.990 

.995 

s 

51 

0.C60 

0.,067 

0.071 

0.075 

0.081 

0.084 

52 

0.061 

0.069 

0.073 

0.076 

0.083 

0.085 

53 

0.063 

0.070 

0.C74 

0.077 

0.084 

O.C86 

54 

0.064 

0.071 

0.075 

0.079 

0.0^ 

0.088 

55 

0.065 

0.072 

0.076 

0.080 

0.087 

0.089 

56 

0.066 

0.074 

0.C78 

0.081 

0.088 

0.090 

57 

0.067 

0.075 

0.079 

0.082 

0.089 

0.092 

58 

0.068 

0.076 

0.080 

0.084 

0.091 

0,099 

59 

0.070 

0.077 

0.081 

0.085 

0.092 

0.094 

60 

0.071 

0.079 

0.083 

0.086 

0.093 

0.096 

61 

0.072 

0,080 

0,084 

0.088 

0.095 

0.097 

62 

0.073 

0.081 

0.085 

0.089 

0.096 

0.098 
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Table  I  (continued) 


C  =  .500  "800 

F 

000  0  0.000  0.001 

1  0.001  0.003 

2  0.002  0.004 

3  0.004  0.0C6 

4  0.005  0.007 

5  0.006  0.008 

6  0.0C7  0.010 

7  0.008  0.011 

8  0.009  0.012 

9  0.010  0.013 

10  0.011  0.015 

11  0.012  0.016 

12  0.014  0.017 

13  0.015  0.018 

14  0.016  0.020 

15  0.017  0.021 

16  0.018  0.022 

17  0.019  0.023 

18  0.020  0.024 

19  0.021  0.026 

20  0.022  0.027 

21  0.024  0.028 

22  0.025  0.029 

23  0.026  0.031 

24  0.027  0.032 

25  0.028  0.033 

26  0.U29  0.034 

27  0.030  0.035 

28  0.031  0.037 

29  0.032  0.038 

30  0.034  0.039 

31  0.035  0.040 

32  0.036  o.oa 

33  0.037  0.042 

34  0.038  0.044 

35  0.039  0.045 

36  0.040  0.046 

37  0.041  0.047 

38  0.042  0.048 

39  0.044  0.050 

40  0.045  0.051 

41  0.046  0.052 

42  0.047  0.053 

43  0.048  0.054 

44  0,049  0.055 

45  0.050  0.057 

46  0.051  0.058 

47  0.052  0.059 

48  0.054  0.060 

49  0.055  0,061 

50  0.056  0.062 


,900 

.950 

.990 

.995 

0.002 

0.003 

0.005 

0,005 

0,004 

0.005 

0.007 

0,008 

0.005 

0.006 

0.009 

0,010 

0,007 

0,008 

0.011 

0.012 

0.008 

0,010 

7,012 

0.013 

0.010 

0,011 

0.014 

0.015 

0,011 

0,013 

0.016 

0.017 

0.013 

0.014 

0.017 

0,018 

0.014 

0.015 

0.019 

0.020 

0.015 

0.017 

0.020 

0,022 

0.017 

0.018 

0.022 

0.023 

0.018 

0.020 

0,023 

0,025 

0.019 

0.021 

0,025 

0.026 

0.020 

0.022 

0.026 

0,028 

0.022 

0.024 

0.028 

0.029 

0.023 

0.025 

0.029 

0.031 

0.024 

0.026 

0.030 

0.032 

0.026 

0.028 

0.032 

0,033 

0.027 

0.029 

0.033 

0.035 

0.028 

0.C30 

0.035 

0,036 

0,029 

0.032 

0.036 

0.038 

0.031 

0.033 

0.037 

0,039 

0.032 

0.034 

0.039 

o.oa 

0.033 

0.036 

0.040 

o.oa 

0.034 

0.037 

o.oa 

0.043 

0.036 

0.038 

0.043 

0.045 

0.037 

0.039 

0.044 

0.046 

0,038 

o.oa 

0.046 

0.C47 

0.039 

0.042 

0.047 

0.049 

c.ca 

0.043 

0.048 

0.050 

0.042 

o.cu 

0.050 

0.051 

0.043 

0.046 

0,051 

0.053 

0.044 

0.047 

0.052 

0.054 

0.046 

0.048 

0.053 

0.055 

0,C47 

0.049 

0.055 

0.057 

0.048 

0.051 

0.056 

O.C58 

0.049 

0.052 

0.057 

0.059 

0.050 

0.053 

0.059 

0.061 

0.052 

0.054 

O.O6O 

0.062 

0.053 

0.056 

0,061 

0,063 

0.054 

0.057 

0.063 

0.065 

0,055 

0.058 

0,064 

0.066 

0.057 

0.059 

0.065 

0.067 

0.058 

0.061 

0.066 

0,069 

0.059 

0.062 

0,068 

0,070 

0.060 

0.063 

0.069 

0.071 

O.O6I 

0.064 

0.070 

0.073 

0,063 

0,066 

0.072 

0.074 

0.064 

0,067 

0.073 

0.075 

0.065 

0.068 

0.074 

0,076 

0.066 

0.069 

0.075 

0.07£ 
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Table  I  (continued) 


F 

8 

• 

11 

O 

.800 

900  51 

0.057 

0.064 

52 

0.058 

0.065 

53 

0.059 

0.066 

54 

0.C60 

0.067 

55 

0.061 

0.068 

56 

0.062 

0.069 

57 

0.064 

0.071 

58 

0.065 

0.072 

59 

0.066 

0.073 

60 

0.067 

0.074 

.900 

.950 

.990 

.995 

0.067 

0.071 

0.077 

0.079 

0.069 

0.072 

0.078 

0.080 

0.C7C 

0.073 

0.079 

0.082 

0.071 

0.074 

0.080 

0.083 

0.072 

0.075 

0.082 

0.084 

0.073 

0.077 

0.083 

0.085 

0.075 

0.078 

0.084 

0.087 

0.076 

0.079 

0.086 

0.088 

0.077 

0.080 

0.087 

0.089 

0.078 

0.081 

0.088 

0.091 
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Table  I  (continued) 


ir 

C  =  .500 

.800 

.900 

.950 

.990 

.995 

r 

0 

O.OCO 

0.001 

0,002 

0.003 

0.0C4 

0.005 

1 

0.001 

0.003 

0.004 

0.004 

0.0C6 

0.007 

2 

0.C02 

0.004 

0.005 

0.006 

0.008 

0.009 

3 

0.003 

0.005 

0.007 

0.008 

0.010 

0.011 

4 

0.004 

0.007 

0.008 

0.009 

0.012 

0.013 

5 

0.005 

0.008 

0.009 

0.011 

0.013 

0.014 

6 

0.007 

0.009 

0.011 

0.012 

0.015 

0.016 

7 

0.008 

0.010 

0.012 

0.013 

0.016 

0.017 

8 

0.009 

0.011 

0.013 

0.015 

0.018 

0.019 

9 

0.010 

0.013 

0.014 

0.016 

0.019 

0.020 

10 

0.011 

0.014 

0.016 

0.017 

0.021 

0.022 

11 

0.012 

0.015 

0.017 

0.019 

0.022 

0.023 

12 

0.013 

0.016 

0.018 

0.02c 

0.023 

0.025 

13 

0.014 

0.017 

0.019 

0.021 

0.025 

0.026 

14 

0.015 

0.019 

0.021 

0.022 

0.026 

0.028 

15 

0.016 

0.020 

0.022 

0.024 

0.027 

0.029 

16 

0.017 

0.021 

0.023 

0.025 

0.029 

0.030 

17 

0.018 

0.022 

0.024 

0.026 

0.030 

0.032 

18 

0.019 

0.023 

0.025 

0.027 

0.031 

0.033 

19 

0.020 

0.024 

0.027 

0.029 

0.033 

0.034 

20 

0.021 

0.025 

0.028 

0.030 

0.034 

0.036 

21 

0.022 

0.027 

0.029 

0.031 

0.035 

0.037 

22 

0.023 

0.028 

0.030 

0,032 

0.037 

0.038 

23 

0.024 

0.029 

0.031 

0.034 

0.038 

0.040 

24 

0.025 

0.030 

0.033 

0.035 

0.039 

o.oa 

25 

0.027 

0.031 

0.034 

0.036 

o.oa 

0.042 

26 

0.028 

0.032 

0.035 

0.037 

0.042 

0.044 

27 

0.029 

0.033 

0.036 

0.038 

0.043 

0.045 

28 

C.030 

0.035 

0.037 

0,040 

0.044 

0.046 

29 

0.031 

0.036 

0.038 

o.oa 

0.046 

0.047 

30 

0.032 

0.037 

0.040 

0.042 

0.047 

0,049 

31 

0.033 

0.038 

o.oa 

0.043 

0.048 

0.050 

32 

0.034 

0.039 

0.042 

o.ou 

0  049 

0.051 

33 

0.035 

0,040 

0.043 

0.046 

0.051 

0.053 

34 

0.036 

o.oa 

0.044 

0.047 

0.052 

0,054 

35 

0.037 

0.042 

0.045 

0.048 

0,053 

0,055 

36 

0.038 

0,044 

0.047 

0.049 

0,054 

0.056 

37 

0.039 

0.045 

0.048 

0.050 

0.056 

0.058 

38 

0.040 

0.046 

0.049 

0.052 

0.057 

0.059 

39 

0.041 

0.047 

0.050 

0.053 

0.058 

0.060 

40 

0.042 

0.048 

0,051 

0.054 

0.059 

0.061 

a 

0.043 

0.049 

0.052 

0.055 

0.061 

0.063 

42 

0.044 

0.050 

0.054 

0.056 

0.062 

O.O64 

43 

0.045 

0.051 

0,055 

0.057 

0.063 

0.065 

U 

0.047 

0.053 

0,056 

0.059 

0.064 

0.066 

45 

0.048 

0.054 

0.057 

0,060 

0.065 

0.068 

46 

0.049 

0.055 

0.058 

0.061 

0.067 

0.069 

47 

0.050 

0.056 

0.059 

0.062 

0.068 

0.070 

48 

0.051 

0.057 

0.060 

0.063 

0.069 

0.071 

49 

0.052 

0.058 

0.062 

0.064 

0.070 

0.072 

50 

0.053 

0.059 

0.063 

0.066 

0.071 

0.074 

51 

0.054 

0.060 

0.064 

0.067 

0.073 

0,075 
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Table  1  (continued) 


H  F 

1000  0 

1 
2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

a 

42 

43 

44 

45 

46 

47 

48 

49 

50 


o 

II 

• 

o 

o 

.800 

.900 

.950 

.990 

.995 

0.000 

0.001 

0.002 

0.002 

0,004 

0.005 

0.001 

O.OC2 

0.003 

0.004 

0,006 

0.007 

0.002 

0.004 

0.005 

0.006 

0.008 

0,009 

0.0C3 

0.005 

0.006 

0.007 

0,010 

0.010 

0.004 

0.006 

0.007 

0.009 

0,011 

0.012 

0.005 

0.007 

0.009 

0.010 

0,013 

o.cu 

0.006 

0.009 

O.CIO 

0.011 

0.014 

0.015 

0.007 

0.010 

0.011 

0.013 

0.015 

0.017 

0.008 

0.011 

0.012 

0.C14 

0.017 

0.018 

0.009 

0.C12 

O.CI4 

0.015 

0.018 

0.019 

0.010 

0.013 

0,015 

0.016 

0.020 

0.021 

0.011 

0.014 

0.016 

0.018 

0.021 

0.022 

0.012 

0.015 

0.017 

0.019 

0.022 

0.023 

0.013 

0.016 

0.018 

0.020 

0.024 

0.025 

0.014 

0.018 

0.020 

0.C21 

0.025 

0.026 

0.015 

0.019 

0.021 

0.023 

0.026 

0.027 

0.016 

0.020 

0.022 

0.C24 

0.027 

0.029 

0.017 

0.021 

0.023 

O.C25 

0.029 

0.030 

0 . 018 

0.022 

0.024 

0.026 

0.030 

0.031 

0.019 

0.023 

0.025 

0.027 

0.031 

0.033 

0.020 

0.024 

0.026 

0.028 

0.032 

0.034 

0,021 

0.025 

0.028 

0.030 

0.034 

0.035 

0.022 

0.026 

0.029 

0.031 

0.035 

0.036 

0.023 

0.027 

0.030 

0.032 

0.036 

0.038 

0.024 

0.029 

0.031 

0.033 

0.037 

0.039 

0,025 

0.030 

0.032 

0.034 

0.039 

0.040 

0.026 

0.031 

0.033 

0.035 

0.040 

O.oa 

0,027 

0.032 

0.034 

0.037 

o.oa 

0.043 

0.028 

0.033 

0.035 

0.038 

0.042 

0.044 

0.029 

0.034 

0.037 

0.039 

0.043 

0.045 

0,030 

0.035 

0.038 

0.04c 

0.045 

0.046 

0.031 

0.036 

0.039 

0.041 

0.046 

0.048 

0,032 

0.037 

0.040 

0.042 

0.C47 

0.049 

0,033 

0.038 

0.041 

0.043 

0.048 

0.050 

0,034 

0.039 

0.042 

0.045 

0,049 

0,051 

0.035 

0.040 

0.043 

0.046 

0.050 

0.052 

0.036 

0.037 

0.041 

0.042 

0.044 

O.C45 

0.047 

0.048 

0.052 

0.053 

0.054 

0.055 

0,038 

0.043 

0.046 

0.049 

0.054 

0.056 

0.039 

0.045 

0.048 

0.050 

0.055 

0.057 

0 ,040 

0.046 

0.649 

0.051 

0.056 

0.058 

0 ,041 

0.047 

0.050 

0.052 

0.058 

0.059 

0,042 

0.048 

0.051 

0.053 

0.059 

0.061 

0,043 

0.049 

0.052 

0.055 

0.060 

O.O62 

0,044 

0.050 

0.053 

0.056 

0.061 

0.063 

0.045 

0.046 

0.051 

0.052 

0.054 

0.055 

0.057 

0.058 

C.O62 

0.063 

O.O64 

0.065 

0.047 

0.053 

0.056 

0.059 

O.O64 

0.067 

0 ,048 

0.054 

0.057 

0.060 

0.066 

0.068 

0.049 

0.055 

0.058 

0.061 

0.067 

0.069 

0.050 

0.056 

0.060 

0.062 

0.068 

0.070 
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Tablo  2 


TWO-SlDiD  2QS  confidence  LIMITS  ON  EIJiOMIAL  p 


n 

X 

6 

7 

8 

9 

10 

0 

.393 

.000 

.348 

.000 

.312 

.000 

.263 

.000 

.259 

1 

.009 

.582 

.007 

.521 

.006 

.470 

.006 

.429 

.005 

.394 

2 

.063 

.729 

.053 

.659 

.046 

.600 

.oa 

.550 

.037 

.507 

3 

.153 

.847 

.129 

.775 

.111 

.711 

.098 

.655 

.087 

.607 

4 

.271 

.937 

.225 

.871 

.193 

.807 

.169 

.749 

.150 

.696 

5 

.as 

.991 

.3a 

.947 

.289 

.8£9 

.251 

.831 

.223 

.777 

6 

.607 

l.OCC 

.479 

.993 

.400 

.954 

.345 

.902 

.304 

.850 

7 

.652 

1.000 

.530 

.994 

.450 

.959 

.393 

.913 

8 

.688 

l.COO 

.571 

.994 

.493 

.963 

9 

.717 

l.COO 

.606 

.995 

10 

.7a  2 

.000 
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Table  2  (continued) 


n 

X 

11 

12 

13 

14 

15 

0 

.000 

.238 

.000 

.221 

.000 

.206 

.000 

.193 

.000 

.181 

1 

.005 

.365 

.004 

.339 

.004 

.317 

.C04 

.297 

.003 

.279 

2 

.033 

.470 

.030 

.438 

.026 

.ao 

.026 

.386 

.024 

.363 

3 

.079 

.564 

.072 

.527 

.066 

.495 

.061 

.466 

.057 

.440 

4 

.135 

.650 

.123 

.609 

.113 

.572 

.104 

.540 

.097 

.511 

5 

.200 

.729 

.181 

.684 

.166 

.645 

.153 

.609 

.142 

.578 

6 

.271 

.600 

.245 

.755 

.224 

.713 

.206 

.675 

.191 

.640 

7 

.350 

.865 

.316 

.819 

.287 

.776 

.264 

.736 

.244 

.700 

8 

.436 

.921 

.391 

.877 

.355 

.834 

.325 

.794 

.300 

.756 

9 

.530 

.967 

.473 

.928 

.428 

.667 

.391 

.847 

.360 

.809 

10 

.635 

.995 

.562 

.970 

.505 

.934 

.460 

.696 

.422 

.858 

11 

.762 

l.OCC 

.661 

.996 

.590 

.972 

.534 

.939 

.489 

.903 

12 

.779  1 

.000 

.683 

.996 

.614 

.974 

.560 

.943 

13 

.794 

1.000 

.703 

.996 

.637 

.976 

14 

.807 

l.COO 

.721 

.997 

15 

.819 

l.OCO 

Example:  Observed  from  sample  5/^C.  The  90%  confidence  limits  for  the  population 
are  .223  and  .777. 


X 

16 

17 

18 

19 

20 

0 

.000 

.171 

.000 

.162 

.000 

.153 

.000 

.146 

.000 

.139 

1 

.003 

.26  a 

.003 

.250 

.003 

.238 

.003 

.226 

.003 

.216 

2 

.023 

.3U 

.021 

.326 

.020 

.310 

.019 

.296 

.018 

.282 

3 

.053 

.417 

.050 

.396 

.047 

.377 

.044 

.359 

.042 

.344 

4 

.090 

.484 

.065 

.461 

.080 

.439 

.075 

.a9 

.071 

.401 

5 

.132 

.549 

.124 

.522 

.116 

.498 

.110 

.476 

.104 

.455 

6 

.178 

.608 

.166 

.580 

.156 

•554 

.347 

.529 

.139 

.507 

7 

.227 

.667 

.212 

.636 

.199 

.608 

.188 

.582 

.177 

.558 

8 

.279 

.721 

.260 

.689 

.244 

.659 

.229 

.632 

.217 

.606 

9 

.333 

.773 

.311 

.740 

.291 

.709 

.274 

.679 

.259 

.653 

10 

.392 

.822 

.364 

.788 

.3a 

.756 

.321 

.726 

.302 

.698 

11 

.451 

.868 

.420 

.834 

.876 

.392 

.801 

.368 

.771 

.347 

.7a 

12 

.516 

.910 

.478 

.446 

.844 

.a8 

.612 

.394 

.783 

13 

.583 

.947 

.539 

.915 

.502 

.884 

.471 

.853 

.442 

.823 

14 

.656 

.977 

.604 

.950 

.561 

.920 

.524 

.890 

.493 

.861 

15 

.736 

.997 

.674 

.979 

.62: 

.953 

.581 

.925 

.545 

.896 

16 

17 

18 

.829 

1.000 

.750 

.838 

.997 

1.000 

.690 

.762 

.847 

.980 

.997 

l.OGO 

.6a 

.704 

.774 

.854 

.956 

.981 

.997 

1.000 

.599 

.656 

.718 

.929 

.958 

.982 

iM 

Example:  Observed  from  sample  10/20.  nie  9056confidencellLmitsforthepoFulatiOT 
are  .302  and  .698.  220 
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Table  2  (continued) 


n 

X 

22 

24 

26 

28 

30 

0 

.000 

.127 

.000 

.117 

,000 

,109 

.000 

.101 

,XC 

,095 

1 

.002 

,198 

.002 

.183 

.002 

.170 

.002 

.158 

,002 

.149 

2 

.016 

.260 

.015 

.240 

,014 

.223 

.013 

,208 

.012 

.196 

3 

.038 

.316 

.035 

.292 

.032 

.272 

.030 

.254 

,028 

,238 

4 

.065 

.370 

.059 

.342 

.054 

.318 

.050 

.297 

.047 

.280 

5 

.094 

.420 

.086 

.389 

.079 

.362 

,073 

.339 

.068 

.319 

6 

.124 

.468 

.115 

.435 

.106 

.406 

.098 

,379 

.091 

.357 

7 

.160 

.515 

.146 

.479 

.134 

.447 

.124 

.a9 

,115 

.394 

8 

,196 

.561 

.178 

.522 

.163 

.487 

.151 

.457 

.140 

.429 

9 

.233 

,605 

.211 

.563 

.194 

.526 

.179 

.493 

.166 

.466 

10 

.271 

.647 

.246 

.603 

.226 

.564 

.208 

.531 

.193 

,499 

11 

.311 

.689 

.282 

.643 

.259 

.602 

.238 

.565 

.221 

.533 

12 

.353 

.729 

.319 

.681 

.292 

.638 

.270 

.600 

.249 

,567 

13 

.395 

.767 

.357 

.718 

.327 

.673 

.301 

.633 

.279 

,597 

14 

.439 

,804 

.397 

.754 

.362 

.706 

.333 

.667 

.308 

.630 

15 

.4H5 

.840 

.437 

.789 

.396 

.7a 

.367 

.699 

.339 

.661 

16 

.532 

,876 

.478 

.822 

.436 

.774 

e4.C0 

.730 

.370 

.692 

17 

.580 

.906 

.521 

.854 

.474 

.806 

.435 

.762 

.403 

.721 

18 

.630 

.935 

.565 

,885 

.513 

.837 

.469 

.792 

.433 

.751 

19 

.684 

.962 

.611 

.914 

,553 

.666 

.507 

.821 

.467 

.779 

20 

.740 

.984 

.658 

,9a 

.594 

.894 

.543 

.849 

.501 

.807 

21 

.802 

.998 

.708 

.965 

.638 

.921 

.581 

.876 

.534 

.834 

22 

.873 

l.OCC 

.760 

.985 

.682 

.946 

.621 

.902 

.571 

.860 

23 

.817 

.998 

.728 

.966 

.661 

.927 

.606 

,885 

24 

.883 

1.000 

.777 

.986 

.703 

.950 

.643 

.909 

25 

.830 

.998 

.746 

.970 

.681 

.932 

26 

.891 

l.CCO 

.792 

.987 

.720 

.953 

27 

.842 

,998 

.762 

.972 

28 

.899 

l.OCO 

.804 

.988 

29 

,851 

,998 

30 

.905 

l.OCO 

Example:  Observed  from  sample  6/30.  The  9056  confidence  limits  for  the  population 
are  .091  and  .357. 
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i^pondix  31? 
Table  2 


WO-SIEED  202  CONFIDENCE  LIMITS  ON  BINOMIAL  p 


35 

_ 

40 

0 

.000 

.082 

.000 

.072 

1 

.001 

.128 

.001 

.113 

2 

.010 

.169 

.009 

.149 

3 

.024 

.206 

.021 

.183 

4 

.040 

.243 

.035 

.215 

5 

.058 

.277 

.051 

.245 

6 

.078 

.311 

.067 

.275 

7 

.098 

.343 

.085 

.304 

8 

.119 

.374 

.103 

.331 

9 

.141 

.405 

.123 

.360 

10 

.163 

.436 

.142 

.387 

11 

.187 

.467 

.162 

.414 

12 

.211 

.496 

.184 

.4a 

13 

.235 

.524 

.204 

.4^ 

14 

.261 

.553 

.226 

.492 

15 

.286 

.581 

.247 

.518 

16 

.311 

.609 

.269 

.543 

17 

.337 

.636 

.292 

.567 

18 

.364 

.663 

.3U 

.592 

19 

.391 

.689 

.333 

.615 

20 

.a9 

.7U 

.362 

.638 

21 

.447 

.739 

.385 

.662 

22 

.476 

.765 

.408 

.686 

23 

.504 

.789 

.433 

.708 

24 

.533 

.813 

.457 

.731 

25 

.564 

.837 

.482 

.753 

X 

35 

40 

26 

.595 

.859 

.508 

.774 

27 

.626 

.881 

.534 

.796 

28 

.657 

.902 

.559 

.816 

29 

.689 

.922 

.586 

.838 

30 

.723 

.942 

.613 

.858 

31 

.757 

.960 

.640 

.877 

32 

.794 

.976 

.669 

.897 

33 

.831 

.990 

.696 

.915 

34 

.872 

.999 

.725 

.933 

35 

.918 

1.000 

.755 

.949 

36 

.785 

.965 

37 

.817 

.979 

38 

.851 

.991 

39 

.887 

.999 

40 

.928 

1.000 

a 

42 

43 

44 

45 

46 

47 

43 

49 

50 

Exon^le:  Obserred  from  sample  35/50.  Ihe  90%  confidence  limits  for 
the  population  are  .576  and  .805> 
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Table  2  (continued) 


Exao^>le:  Observed  from  sample  The  confidence  limits  for  the  pop¬ 

ulation  are  .57^  aiid  .80^. 
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Table  2  (continued) 


n  =  £0 


m 

21 

22 

23 

.205 

.382 

24 

.216 

.395 

25 

.228 

.408 

26 

.240 

.422 

27 

.250 

.436 

28 

.262 

.447 

29 

.274 

.460 

30 

.284 

.472 

31 

.297 

.485 

32 

.308 

.497 

33 

.320 

.510 

34 

.331 

.523 

35 

.343 

.535 

36 

.356 

.548 

37 

.367 

.560 

36 

.379 

.572 

39 

.390 

.586 

40 

.402 

.598 

X 

61 

.672 

.636 

62 

.685 

.849 

63 

,698 

.860 

64 

.732 

.670 

65 

.726 

.881 

66 

.741 

.691 

67 

.754 

.901 

68 

.768 

.911 

69 

.783 

.921 

70 

.797 

.931 

71 

.812 

.940 

72 

.627 

.949 

73 

.642 

.958 

74 

.857 

.967 

75 

.873 

.975 

76 

.6  9 

.963 

77 

.906 

.990 

78 

.923 

.996 

79 

.942 

.999 

tO 

.963 

l.OCC 

X 

41 

.414 

.610 

42 

.426 

.621 

43 

.440 

.633 

44 

.452 

.6U 

45 

.465 

.657 

46 

.477 

47 

.490 

.680 

48 

.503 

.692 

49 

.515 

.703 

50 

.526 

.716 

51 

.540 

.726 

52 

.553 

.738 

53 

.564 

.750 

54 

.576 

.760 

55 

.592 

.772 

56 

.605 

.784 

57 

.616 

.795 

58 

.632 

.606 

59 

.644 

.617 

60 

.657 

.828 

X 

0 

.000 

.037 

1 

.001 

,058 

2 

,004 

.077 

3 

.010 

.094 

4 

.'017 

.111 

5 

.025 

.127 

6 

.033 

.143 

7 

.042 

.158 

8 

.051 

.173 

9 

.060 

.168 

10 

.069 

.203 

11 

.079 

.217 

12 

.089 

.232 

13 

.099 

.246 

14 

.109 

.259 

15 

.119 

.274 

16 

.130 

.263 

17 

.140 

.302 

18 

.151 

.315 

19 

.162 

.328 

20 

.172 

.343 

iScamplei  Observed  from  sample  5C/8C.  The  9C/6  confidence  limits  for  the  population 
are  .528  and  .716. 
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i,M)lX  33 

iKLe  2  (continued) 

:E  LI^aTS  CK  BINOMIAL  p 


=  ICO 


X 

■ 

B 

51 

.423  .596 

76 

.679  .628 

52 

.433  .605 

77 

.690  .838 

53 

.443  .615 

78 

.702  .846 

54 

.453  .626 

79 

.712  .854 

55 

,462  .635 

80 

.723  .863 

56 

.472  .645 

£3 

.734  .872 

57 

.462  .654 

62 

.745  .881 

56 

.492  .665 

63 

.756  .889 

59 

.503  .674 

84 

,767  .897 

60 

.513  .683 

85 

.779  .905 

61 

.523  .692 

66 

.790  .914 

62 

.534  .702 

67 

.601  .921 

63 

.544  .711 

88 

.833  .929 

64 

.554  .719 

69 

.824  .937 

65 

.563  .729 

90 

.836  .945 

66 

.574  .732 

91 

.848  .952 

67 

.565  .746 

92 

.860  .960 

68 

.595  .756 

93 

.873  .967 

69 

.605  .766 

94 

.885  .973 

70 

.616  .776 

95 

.898  .980 

71 

.627  .785 

96 

.911  .986 

72 

.636  .793 

97 

.925  .992 

73 

.647  .802 

96 

.939  .996 

74 

.657  .810 

99 

.953  .999 

75 

.669  .819 

100 

.970  1.000 

90%  confidence  limits  for  the  population 


Appendix  3B 
Table  2  (continued) 

95%  CONFIEENCE  IIITEIWAL  FOR  BINOMIAL  DI£TR';’5Ti'nON 

Ihe  following  lists  the  95%  confidence  interval  for  tte  binomial  distribu- 
Biese  tables  are  similar  to  the  90%  tables. 

TtfO-SIEED  25S  CONFirENCE  LIMITS  ON  BINOfflAL  p 


6 

.000 

.459 

.004 

.6a 

.043 

.777 

.118 

.882 

.223 

.957 

.359 

.996 

1.000 

3 

4 

5 

.000  .708 

.000 

.602 

.000 

.522 

.008  .906 

.006 

.306 

.005 

.716 

.094  .992 

.068 

.932 

.053 

.853 

.292  1.000 

.194 

.994 

.147 

.947 

.398 

1.000 

.284 

.995 

.478 

1.000 

8 

9 

10 

.000  .369 

.000 

.336 

.000 

.308 

.003  .527 

.003 

.483 

.003 

.445 

.032  .651 

.028 

.600 

.025 

.556 

.085  .755 

.075 

.701 

.067 

.652 

.157  .843 

.137 

.788 

.122 

.738 

.245  .915 

.212 

.863 

.187 

.813 

.349  .968 

.299 

.925 

.262 

.878 

.473  .997 

.400 

.972 

.348 

.933 

.631  1.000 

.517 

.997 

.444 

.975 

.664 

1.000 

.555 

.997 

.692 

1.000 
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Appendix  3B 
Table  2  (continued) 


11 

12 

13 

14 

15 

0 

.000 

.285 

.000 

.265 

.000 

.247 

.000 

.232 

.000 

.218 

1 

.002 

.413 

.002 

.385 

.002 

.360 

.002 

.339 

.002 

.319 

2 

.023 

.518 

.021 

.484 

.019 

.454 

.018 

.428 

.017 

.405 

q 

.060 

.610 

.055 

.572 

.050 

.538 

.047 

.508 

.043 

.481 

4 

.109 

.692 

.099 

.651 

.091 

.614 

.084 

.581 

.078 

.551 

5 

.167 

.766 

.151 

.723 

.139 

.684 

.128 

.649 

.118 

.616 

6 

.234 

.833 

.211 

.789 

.192 

.749 

.177 

.711 

.163 

.677 

7 

.308 

.891 

.277 

.849 

.251 

.808 

.230 

.770 

.213 

.734 

8 

.390 

.940 

.349 

.901 

.316 

.861 

.289 

.823 

.266 

.787 

9 

.422 

.977 

.428 

.945 

.386 

.909 

.351 

.872 

.323 

.837 

10 

.587 

.998 

.516 

.979 

.462 

.950 

.AI9 

.916 

.384 

.882 

11 

.715 

1.000 

.615 

.998 

.546 

.981 

.492 

.953 

.449 

.922 

12 

.735  1.000 

.640 

.998 

.572 

.982 

.519 

.957 

13 

.753 

1.000 

.661 

.998 

.595 

.983 

U 

.768 

1.000 

.681 

.998 

15 

.782 

1.000 

Example;  Observed  from  sample  5/lO.  The  95>6  confidence  limits  for  the  pop¬ 
ulation  are  ,187  and  ,813. 
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Table  2  (continvied) 


16 

17 

18 

19 

20 

.000 

.206 

.000 

.195 

.000 

.185 

.000 

.176 

.000 

.168 

.002 

.302 

.001 

.287 

.001 

.273 

.001 

.260 

.001 

.249 

.016 

.383 

.015 

.364 

.014 

.347 

.013 

.331 

.012 

.317 

.040 

.456 

.038 

.434 

.036 

.4U 

.034 

.396 

.032 

.379 

.073 

.524 

.068 

.499 

.064 

.476 

.061 

.456 

.057 

.437 

.110 

.587 

.103 

.560 

.097 

.535 

.091 

.512 

.337 

.491 

,152 

.646 

.142 

.617 

.133 

.590 

.126 

.565 

.119 

.543 

.198 

.70i 

.184 

.671 

.173 

.643 

.163 

.616 

.154 

.592 

.247 

.753 

.230 

.722 

.215 

.692 

.203 

.665 

.191 

.639 

.299 

.802 

.278 

.770 

.260 

.740 

.244 

.7U 

.231 

.685 

.354 

.848 

.329 

.816 

.308 

.785 

.289 

.756 

.272 

.728 

.413 

.890 

.383 

.858 

.357 

.827 

.335 

.797 

.315 

.769 

.476 

.927 

.440 

.897 

.ao 

.867 

.384 

.837 

.361 

.809 

.5U 

.960 

.501 

.932 

.465 

.903 

.435 

.874 

.408 

.846 

.617 

.984 

.566 

.962 

.524 

.936 

.388 

.909 

.457 

.881 

.698 

.998 

.636 

.985 

.586 

.964 

.5U 

.939 

.509 

.913 

.794 

1.000 

.713 

.'■;9 

.653 

.986 

.604 

.966 

.563 

,943 

.805 

1.000 

.727 

.999 

.669 

.987 

.621 

.963 

.815 

1000 

.740 

.999 

.683 

.988 

.824 

LOOO 

.751 

.999 

Appendix  3B 
Table  2  (jontinued) 


21 

22 

23 

24 

25 

0 

.000 

.161 

.000 

.154 

.000 

.148 

.000 

.142 

.000 

.137 

1 

.001 

.238 

.001 

.229 

.001 

.219 

.001 

.211 

.001 

.203 

2 

.012 

.304 

.011 

.292 

.011 

.281 

.010 

.270 

3 

.030 

.363 

.029 

.349 

.028 

.336 

.027 

.323 

.025 

.312 

4 

.054 

.419 

.052 

.403 

.050 

.388 

.047 

.374 

5 

.082 

.471 

.078 

.453 

.075 

.436 

.071 

.421 

.068 

.407 

6 

.113 

.522 

.107 

.502 

.102 

.484 

.098 

.467 

.094 

.451 

n 

i 

.146 

.570 

.139 

.549 

.132 

-.529 

.126 

.512 

.121 

.494 

8 

•  ICl 

.616 

.172 

.593 

.164 

.573 

.156 

.553 

.149 

.535 

9 

.218 

.660 

.207 

.636 

.197 

.615 

.188 

.594 

.180 

.575 

10 

.257 

.702 

.244 

.678 

.232 

.655 

.221 

.634 

.211 

.614 

11 

.298 

.743 

.282 

.718 

.268 

.694 

.256 

.672 

.244 

.651 

12 

.340 

.782 

.322 

.756 

.306 

.732 

.291 

.709 

.278 

.68? 

13 

.384 

.819 

.364 

.793 

.345 

.768 

.328 

.744 

.313 

.722 

14 

.430 

.854 

.407 

.828 

.385 

.803 

.366 

.779 

.349 

.756 

15 

.478 

.887 

.451 

.861 

.427 

.836 

.406 

.812 

.386 

.789 

16 

.529 

.918 

.498 

.893 

.471 

.868 

.U7 

.844 

.425 

.820 

17 

.581 

.946 

.547 

.922 

.516 

.898 

.488 

.874 

.465 

.851 

18 

.637 

.970 

.597 

.948 

.564 

.925 

.533 

.902 

.506 

.879 

T  0 

.696 

.988 

.651 

.971 

.612 

.950 

.579 

.929 

.549 

.906 

20 

.762 

.999 

.708 

.989 

.664 

.972 

.626 

.953 

.593 

.932 

21 

to 

• 

1,000 

.771 

.999 

.719 

.989 

.677 

.973 

22 

.846 

1,000 

.781 

.999 

.730 

.990 

.688 

.975 

23 

.852 

1.000 

.789 

.999 

24 

.858  1 

.000 

.797 

.999 

25 

.863 

1.000 

Example:  Observed  from  sample  10/25.  The  9556  confidence  limits  for  the  pop¬ 
ulation  are  .211  and  .614. 
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Appendix  3B 


Table  2  (continued) 


n  =  50 


.000 

.071 

.001 

.106 

.005 

.137 

.013 

.165 

.022 

.192 

5 

.033 

.218 

6 

.045 

.243 

.058 

.267 

.072 

.291 

.086 

.3U 

10 

.100 

.338 

11 

.115 

.360 

12 

.131 

.381 

13 

.146 

.404 

14 

.163 

.424 

15 

.179 

.446 

16 

.195 

.467 

17 

.212 

.488 

18 

.229 

.508 

19 

.247 

'.527 

20 

.264 

.548 

21 

.282 

.568 

22 

.300 

.588 

23 

.318 

.606 

24 

.337 

.626 

25 

.356 

.644 

X 

26 

.374 

.663 

27 

.394 

.682 

28 

.412 

.700 

29 

.432 

.718 

30 

.452 

.736 

31 

.473 

.753 

32 

.492 

.771 

33 

.512 

.788 

34 

.533 

.805 

35 

.554 

.821 

36 

.576 

.837 

37 

.596 

.854 

38 

.619 

.869 

39 

.640 

.885 

40 

.662 

.900 

41 

.686 

.9U 

42 

.709 

.928 

43 

.733 

.942 

44 

.757 

.955 

45 

.782 

.967 

46 

.8C8 

.978 

47 

.835 

.987 

48 

.863 

.995 

49 

.894 

.999 

50 

.929 

1.000 

Exanplei  Observed  from  sample  15/50.  The  95%  confidence  limits  for  the 
population  are  .179  and  .446. 
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Table  2  (continued) 


n  =  100 


51 

.408 

.611 

52 

.418 

.620 

53 

.427 

.630 

54 

.437 

.639 

55 

.447 

.650 

56 

.457 

.659 

57 

.467 

.668 

58 

.477 

.678 

59 

.487 

.637 

60 

.497 

.697 

61 

.507 

.706 

62 

.518 

.716 

63 

.528 

.724 

64 

.537 

.734 

65 

.548 

.743 

66 

.559 

.752 

67 

.569 

.760 

68 

.580 

.770 

69 

.590 

.779 

70 

.601 

.787 

71 

.610 

.796 

72 

.622 

.805 

73 

.632 

.813 

74 

.643 

.823 

75 

.653 

.831 

X 

76 

.664 

.339 

77 

.676 

.848 

78 

.686 

.856 

79 

.697 

.865 

80 

.708 

.874 

81 

,719 

.881 

82 

.731 

.890 

S3 

.742 

.898 

04 

.753 

.906 

85 

.764 

.9U 

86 

.777 

.922 

87 

.788 

.929 

8,- 

.800 

.936 

09 

.812 

.944 

90 

.324 

.951 

91 

.836 

.958 

92 

.848 

.965 

93 

.861 

.971 

94 

.374 

.973 

95 

.387 

.984 

96 

.901 

.989 

97 

.915 

.994 

98 

.930 

.998 

99 

.946 

1.000 

.964 

1.000 

X 

26 

.177 

.357 

27 

.187 

.368 

28 

.195 

.378 

29 

.204 

.390 

30 

.213 

.399 

31 

.221 

.ao 

32 

.230 

.420 

33 

.240 

.431 

34 

.248 

.oi 

35 

.257 

.452 

36 

.266 

.463 

37 

.276 

.472 

38 

.284 

.432 

39 

.294 

.493 

40 

.303 

.503 

41 

.313 

.513 

42 

.322 

.523 

43 

.332 

.533 

44 

.3a 

.543 

45 

.350 

.553 

46 

.361 

.563 

47 

.370 

.573 

48 

.380 

.582 

49 

.389 

.592 

50 

.398 

.602 

X 

0 

.000 

.036 

.000 

.054 

.002 

.070 

.006 

.035 

.011 

.099 

.016 

.113 

.022 

.126 

.029 

.139 

.035 

.152 

.042 

.164 

10 

.049 

.176 

11 

.056 

'.188 

12 

.064 

.200 

13 

.071 

.212 

U 

.078 

.223 

15 

.086 

.236 

16 

.094 

.247 

17 

.102 

.258 

18 

.110 

.269 

19 

.119 

.281 

20 

.126 

.292 

21 

.135 

.303 

22 

.144 

.314 

23 

.152 

.324 

24 

.161 

.336 

25 

.169 

.347 

Exan^jle:  Observed  from  sample  50/100,  Iho  95%  confidence  limits  for  the  population 
are  .393  and  .602, 
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Table  2  (continued) 

9956  COI^’IDEllCE  INTERVAL  FOR  BINOMIAL  DISTRIBUnON 

Bie  folloving  lists  the  99^  confidence  interval  for  the  binomial  distribu¬ 
tion.  Baese  tables  are  similar  to  the  90!?  tables. 

WO-SIDED  99%  CONFIIENCE  UMIIS  ON  BINOMIAL  p 


sa 

1 

2 

3 

4 

5 

0 

.000  .995 

.000 

.929 

.000 

.829 

.000 

.734 

.000 

.653 

1 

.005  1.000 

.003 

.997 

.002 

.959 

.001 

.889 

.001 

.815 

2 

.071 

1.000 

.041 

.998 

.029 

.971 

.023 

.917 

3 

.171 

1.000 

.111 

.999 

.083 

.977 

4 

.266 

1.000 

.185 

.999 

5 

.347 

1.000 

n 

X 

6 

7 

8 

9 

10 

0 

.000 

.586 

.000 

.531 

.000 

.484 

.000 

.445 

.000 

.411 

1 

.001 

.746 

.001 

.685 

.001 

.632 

.001 

.585 

.001 

.544 

2 

.019 

.856 

.016 

.797 

.014 

.742 

.012 

.693 

.011 

.648 

3 

.066 

.934 

.055 

.882 

.047 

.830 

.042 

.781 

.037 

.735 

4 

.144 

.981 

.118 

.945 

.100 

.900 

.087 

.854 

.077 

.809 

5 

.254 

.999 

.203 

.984 

..170 

.953 

.146 

.913 

.128 

.872 

6 

.414 

1.000 

.315 

.999 

.258 

.986 

.219 

.958 

.191 

.923 

7 

.469 

1.000 

.368 

.999 

.307 

.988 

.265 

.963 

8 

.516 

1.000 

.a5 

.999 

.352 

.989 

9 

.555 

1.000 

.456 

.999 

10 

.589 

1.000 

I 

Appendix  3B 
Table  2  (continued) 


ias 

11 

12 

13 

U 

15 

0 

.000 

.382 

.000 

.357 

.000 

.335 

.000 

.315 

.000 

.298 

1 

.000 

.509 

.000 

.477 

.000 

.449 

.000 

.424 

.000 

.402 

2 

,010 

.608 

.009 

.573 

.008 

.5a 

.008 

.512 

.007 

.486 

3 

.033 

.693 

.030 

.655 

.028 

.621 

.026 

.589 

.024 

.561 

4 

.069 

.767 

.062 

.728 

.057 

.691 

.053 

.658 

.049 

.627 

5 

.114 

.831 

.103 

.791 

.094 

.755 

.087 

.720 

.080 

.688 

6 

.169 

.886 

.152 

.848 

.138 

.811 

.127 

.777 

.117 

.744 

7 

.233 

.931 

.209 

.897 

.189 

.862 

.172 

.828 

.159 

.795 

8 

.307 

.967 

.272 

.938 

.245 

.906 

.223 

.873 

.205 

.8a 

9 

.392 

.990 

.345 

.970 

.309 

.943 

.280 

.913 

.256 

.883 

10 

.491 

1.000 

.427 

.991 

.379 

.972 

.342 

.947 

.312 

.920 

11 

.618 

1.000 

.523 

1.000 

.459 

.992 

.411 

.974 

.373 

.951 

12 

.643 

1.000 

.551 

1.000 

.4S8 

.992 

.439 

.976 

13 

.665 

1.000 

.576 

1.000 

.514 

.993 

14 

.685 

1.000 

.598 

1.000 

15 

.702 

1.000 

Example:  Observed  from  sample  5/l0.  The  99)(  confidence  limits  for  the 
population  are  .128  ai^  .872. 
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Table  ^  (continued) 


— 

16 

17 

18 

19 

20 

0 

.000 

.282 

.000 

.268 

.000 

.255 

.000 

.243 

.000 

.233 

1 

.000 

.381 

.000 

.363 

.000 

.346 

.000 

.331 

.000 

.317 

2 

.007 

.463 

.006 

.441 

.006 

.422 

.006 

.4o4 

.005 

.387 

3 

.022 

.534 

.021 

.510 

.020 

.488 

.019 

.468 

.018 

.449 

4 

.045 

.599 

.043 

.573 

.o4o 

.549 

.038 

.527 

.036 

.507 

5 

.075 

.658 

.070 

.631 

.065 

.605 

.062 

.582 

.058 

.560 

6 

.109 

.714 

.101 

.685 

•095 

.658 

.090 

.633 

.085 

.610 

7 

.14? 

.764 

.137 

•735 

.128 

.707 

.121 

.681 

.114 

.657 

8 

.189 

.811 

.176 

.781 

.165 

.753 

.155 

.726 

.146 

.701 

9 

.238 

.853 

.219 

.824 

.205 

.795 

.192 

.768 

.181 

.743 

10 

.286 

.891 

.265 

.863 

.247 

.835 

.232 

.808 

.218 

.782 

11 

.342 

.925 

.315 

.899 

.293 

.872 

.274 

.845 

.257 

.819 

12 

.401 

.955 

.369 

.930 

.342 

.905 

.319 

.879 

.299 

.854 

13 

.466 

.978 

.427 

.957 

.595 

.935 

.367 

.910 

.343 

.886 

l4 

.537 

.993 

.490 

.979 

.451 

.960 

.418 

.938 

.390 

.915 

15 

.619  1.000 

.559 

.994 

.512 

..980 

.473 

.962 

.440 

.942 

16 

17 

18 

19 

20 

.718  1.000 

.637  1.000 
.732  1.000 

.578  .994 

.654  1.000 
.745  1.000 

.532  .981 

.596  .994 

.669  1.000 
.757  1*000 

.493  .964 
.551  .982 
.613  .995 

.683  1.000 
.767  1.000 

Exainple:  Observed  frcm  saoqjle  IO/20.  The  99/^  confidence  limits  for  the  pop- 
\ilatlou  are  .218  and  .782. 
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Table  2  (continued) 


Example:  Observed  from  sample  6/30,  The  99$  confidence  limits  for  the  pop¬ 
ulation  are  .054  and  .443. 
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Table  2  (continued) 


35 

40 

0 

|M||y 

.124 

1 

,000 

.194 

.000 

.172 

2 

.003 

.239 

.003 

.212 

3 

.010 

.280 

.009 

.2A9 

.020 

.318 

.017 

.283 

5 

.032 

.354 

.028 

.315 

6 

.046 

.389 

.040 

.346 

7 

.062 

.422 

.054 

.376 

8 

.079 

.455 

.068 

.406 

9 

.097 

.485 

.CBU 

.434 

10 

.115 

.516 

.100 

.461 

11 

.135 

.545 

.117 

.489 

12 

.156 

.574 

.134 

.515 

13 

.177 

.602 

.153 

.541 

14 

.198 

.629 

.171 

.566 

15 

.222 

.655 

.191 

.589 

16 

.245 

.681 

.211 

.6U 

17 

.269 

.706 

.231 

.638 

18 

.294 

.731 

.252 

,66l 

19 

.319 

.755 

.273 

.683 

20 

.345 

.778 

.295 

.705 

35 

40 

21 

.371 

.802 

.317 

.727 

22 

.398 

.823 

.339 

.748 

23 

.426 

.844 

.362 

.769 

24 

.455 

.865 

.386 

.789 

25 

.484 

.885 

.411 

.809 

26 

.515 

.903 

.434 

.829 

27 

.545 

.921 

.459 

.847 

28 

.578 

.938 

.485 

.866 

29 

.611 

.954 

.511 

.883 

30 

.646 

.968 

.539 

.900 

31 

.682 

.980 

.566 

.916 

32 

.720 

.990 

.594 

.932 

33 

.761 

.997 

.624 

.946 

34 

.806 

1.000 

.654 

.960 

35 

.860 

1.000 

.685 

.972 

36 

.717 

.983 

37 

.751 

.991 

38 

.788 

.997 

39 

.828 

1.000 

40 

.876 

1.000 
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Table  2  (continued) 


IRS 

45 

50 

.000 

.111 

.000 

.101 

.000 

.154 

.000 

.139 

.002 

.190 

.002 

.173 

.008 

.223 

.007 

.203 

.015 

.254 

.014 

.231 

.025 

.284 

.022 

.258 

.036 

.312 

.032 

.285 

.047 

.339 

.042 

.309 

.060 

.366 

.054 

.334 

.074 

.392 

.066 

.357 

10 

.088 

.418 

.079 

.381 

11 

.103 

.U2 

.092 

.404 

12 

.118 

.465 

.106 

.425 

13 

.134 

.490 

.120 

.447 

14 

.150 

.513 

.134 

.469 

15 

.167 

.536 

.U9 

.490 

16 

.184 

.558 

.164 

.511 

17 

.202 

.580 

.180 

.532 

18 

.221 

.601 

.196 

.551 

19 

.239 

.623 

.213 

.572 

20 

.257 

.6U 

.229 

.591 

II^Sl 

45 

50  1 

21 

.276 

.246 

.610 

22 

.296 

.684 

.263 

.629 

23 

.316 

.704 

.280 

,648 

24 

.336 

.724 

.298 

.666 

25 

.356 

.743 

.315 

.685 

26 

.377 

.761 

.334 

.702 

27 

.399 

.779 

.352 

.720 

28 

.420 

.798 

.371 

.737 

29 

.442 

.816 

.390 

.754 

30 

.464 

.833 

.409 

.771 

31 

.487 

.850 

.428 

.787 

32 

.510 

.866 

.449 

.804 

33 

.535 

.882 

.468 

.820 

34 

.558 

.897 

.489 

,836 

35 

.582 

.912 

.510 

.851 

36 

.608 

.926 

.531 

.866 

37 

.634 

.940 

.553 

.880 

38 

.661 

.953 

.575 

.894 

39 

,688 

.964 

.596 

.908 

40 

.716 

.975 

.619 

.921 

41 

.746 

.985 

.643 

.934 

42 

.777 

.992 

.666 

.946 

43 

.810 

.998 

.691 

.958 

44 

.846 

1.000 

.715 

.968 

45 

.889 

1.000 

.742 

.978 

46 

.769 

,986 

47 

.797 

.993 

48 

.827 

.998 

49 

.861 

1,000 

50 

.899 

1.000 

Example  I  Observed  from  sample  35/50.  The  99%  confidence  limits 
for  the  pop'^lation  are  .510  and  .851. 
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Table  2  (continued) 
n  =  80 


X 

1 

56 

.553 

.822 

57 

.566 

.833 

58 

.579 

.844 

59 

.593 

.853 

60 

•  606 

.863 

61 

.621 

.872 

62 

.634 

.882 

63 

.648 

.891 

64 

.662 

.901 

65 

.677 

.910 

66 

.691 

.918 

67 

.705 

.927 

68 

.720 

.936 

69 

.736 

.944 

70 

.751 

.952 

71 

.767 

.960 

72 

.783 

.967 

73 

.799 

.974 

74 

.816 

.980 

75 

.833 

.986 

76 

,851 

.991 

77 

.869 

.996 

78 

.889 

.999 

79 

.911 

l.OOC 

80 

.936 

1.000 

X 

26 

.198 

.474 

27 

.203 

.486 

28 

.219 

.500 

29 

.230 

.513 

30 

.241 

.525 

31 

.251 

.538 

32 

.262 

.550 

33 

.273 

.561 

34 

.284 

.574 

35 

.296 

.587 

36 

.307 

.598 

37 

.318 

.611 

38 

.331 

.623 

39 

.342 

.635 

40 

.354 

.646 

41 

.365 

.658 

42 

.377 

.669 

43 

.389 

.682 

44 

.402 

.633 

45 

.a3 

.704 

46 

.426 

.716 

47 

.439 

.727 

48 

.450 

.738 

49 

.462 

.749 

50 

.475 

.759 

51 

.487 

.770 

52 

.500 

.781 

53 

.5U 

.792 

54 

.526 

.802 

55 

.539 

.812 

X 

0 

.000 

.064 

1 

.OCO 

.089 

2 

.001 

.111 

3 

.004 

.131 

4 

.009 

.149 

5 

.014 

.167 

6 

.020 

.184 

7 

.026 

.201 

8 

.033 

.217 

9 

.040 

.233 

10 

.048 

.249 

11 

.056 

.264 

12 

.064 

.280 

13 

.073 

.295 

U 

.082 

.309 

15 

.090 

.323 

16 

.099 

.338 

17 

.109 

.352 

18 

.118 

.366 

19 

.128 

.379 

20 

.137 

.394 

21 

.U7 

.407 

22 

.156 

.421 

23 

.167 

.434 

24 

.178 

.U7 

25 

.188 

.461 

Example!  Observed  from  sample  50/80.  The  99%  confidence  limits  for  the 
population  are  .475  and  .759. 
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Table  2  (continued) 
n  =  100 


X 

0 

.000 

.052 

1 

.000 

.072 

2 

.001 

.089 

3 

.003 

.105 

4 

.007 

.120 

5 

.011 

.135 

6 

.016 

.U9 

7 

.021 

.163 

8 

.026 

.176 

9 

.032 

.189 

1C 

.038 

.202 

11 

.044 

.2U 

12 

.051 

.227 

13 

.058 

.240 

U 

.065 

.251 

15 

.072 

.263 

16 

.079 

.275 

17 

.086 

.286 

16 

.093 

.298 

19 

.101 

.310 

20 

.109 

.321 

21 

.116 

.333 

22 

.124 

.344 

23 

.132 

.356 

24 

.uo 

.367 

25 

.U8 

.378 

26 

.156 

.388 

27 

.164 

.399 

28 

.172 

.409 

29 

.180 

.419 

30 

.189 

.431 

31 

.197 

.441 

32 

.206 

.452 

33 

.2U 

.462 

34 

.223 

.473 

35 

.232 

.482 

Example 

:  Observed 

from 

population  are 


X 

66 

.527 

.777 

67 

.538 

.786 

68 

.548 

.794 

69 

.559 

.803 

70 

.56^ 

.811 

71 

.581 

.820 

72 

.591 

.828 

73 

.601 

.836 

74 

.612 

.844 

75 

.622 

.852 

76 

.633 

.860 

77 

.644 

.868 

78 

.656 

.876 

79 

.667 

.834 

80 

.679 

.891 

81 

.C^O 

.899 

82 

.702 

.907 

83 

.7U 

.914 

84 

.725 

.921 

85 

.737 

.928 

86 

.749 

.935 

87 

.760 

.942 

88 

.773 

.949 

89 

.786 

.956 

90 

.798 

.962 

91 

.811 

.968 

92 

.824 

.974 

93 

.837 

.979 

94 

.851 

.984 

95 

.865 

.989 

96 

.880 

.993 

97 

.895 

.997 

98 

.911 

.999 

99 

.928 

1.000 

100 

_ 

1.000 

X 

36 

.240 

.493 

37 

.249 

.503 

38 

.259 

.514 

39 

.268 

.523 

40 

.276 

.534 

41 

.286 

.543 

42 

.294 

.553 

43 

.304 

.563 

44 

.312 

.573 

45 

.322 

.583 

46 

.331 

.592 

47 

.341 

.602 

48 

.350 

.611 

49 

.359 

.622 

50 

.369 

.631 

51 

.378 

.641 

52 

.389 

.650 

53 

.398 

.659 

54 

.408 

.669 

55 

.417 

.678 

56 

.427 

.688 

57 

.437 

.696 

58 

.447 

.706 

59 

.457 

.7U 

60 

.466 

.724 

61 

.477 

.732 

62 

.486 

.7a 

63 

.497 

.751 

64 

.507 

.760 

65 

.518 

.768 

sample  50/100.  The  99$  confidence  limits  for  the 

,369  and  .631. 
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Table  3 

Confidence  in  Inferring  (90j6  <  p)  for  Binomial  Distribution 

The  following  tables  list  the  confidcnoo  value  in  the  body  of  the  table  in 
inferring  that  90^  <  p  for  a  binomial  distribution. 

Those  tables  arc  usefvil  for  answering  such  questions  as  "i?  (x)  iinits  out  of 
a  sample  of  size  (n)  are  observed  to  have  some  particular  attribute,  what  confidence 
can  bo  put  in  the  statement  that  the  true  proportion  of  the  population  having  this 
attribute  is  greater  than  905t." 

If  the  above  question  is  asked  about  many  different  situations,  than  the  table 
entry  lists  the  percentage  of  situations  in  which  p  is  actually  greater  than  90 >6. 

Thus,  the  tables  list  for  each  sample  size,  n,  and  each  observed  number,  x, 
a  value  for  P  siush  that 


P  (9056  <p)  =  table  entry 
Examples  are  given  on  each  table. 

PERCENTAGE  CONFIDENCE  IN  INFERRING  90%^ip^l00% 
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Table  3  (Continued) 


Example:  Observed  from  sample  16/17 

Confidence  in  inferring  90% ^p  ^  100%  is  52% 
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Table  3  (Continued) 


n 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

il5 

QH 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

16 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

17 

2 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

18 

6 

2 

<1 

<1 

<1 

<1 

<1 

•d 

19 

35 

17 

7 

3 

<1 

<1 

<1 

<1 

20 

64 

38 

19 

9 

3 

1 

<1 

<1 

<1 

<1 

21 

89 

66 

41 

21 

10 

4 

1 

<1 

<1 

<1 

22 

90 

68 

44 

24 

11 

5 

2 

<1 

<1 

23 

91 

71 

46 

26 

13 

6 

2 

<1 

24 

92 

73 

49 

28 

14 

6 

3 

25 

93 

75 

52 

31 

16 

7 

26 

94 

54 

33 

18 

27 

78 

57 

35 

28 

95 

80 

59 

29 

95 

82 

30 

96 

Ebcample:  Observed  from  seimple  21/24 

Confidence  in  inferring  90J(Sp  S  100](  is  21% 
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Table  3  (Continued) 


31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

£23 

<1 

n 

El 

<1 

<1 

<1 

<1 

<1 

24 

1 

El 

<1 

<1 

<1 

<1 

<1 

25 

3 

ifi 

El 

<1 

<1 

<1 

<1 

<1 

26 

8 

4 

H 

<1 

<1 

<1 

<1 

<1 

<1 

<L 

27 

19 

9 

2 

1 

<1 

<1 

<1 

<1 

<1 

28 

38 

21 

u 

5 

2 

<1 

<1 

<1 

<1 

<1 

29 

61 

40 

23 

12 

6 

2 

<1 

<1 

<1 

<1 

30 

83 

63 

42 

25 

13 

6 

3 

1 

<1 

<1 

31 

96 

84 

65 

45 

27 

15 

7 

3 

1 

<1 

32 

97 

86 

67 

47 

29 

16 

8 

4 

2 

33 

97 

87 

69 

49 

31 

17 

9 

/ 

34 

97 

88 

71 

51 

35 

19 

10 

35 

97 

89 

73 

54 

35 

21 

36 

98 

90 

75 

56 

37 

37 

98 

90 

76 

58 

38 

98 

91 

78 

39 

98 

92 

40 

99 

Example:  Observed  from  sample  34/36 

Confidence  In  inferring  90^  1.P  S  100J(  is  71% 


45 

50 1 

<35 

<1 

B 

56 

1 

HI 

37 

3 

Bl 

38 

8 

39 

16 

<1 

40 

29 

2 

41 

47 

6 

42 

67 

12 

43 

84 

23 

U 

95 

33 

45 

99 

38 

46 

57 

47 

75 

48 

89 

49 

97 

50 

>99 
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Table  3  (Continued) 


55 

60 

S44 

<1 

<1 

45 

2 

<1 

46 

4 

<1 

47 

9 

<1 

48 

18 

<1 

49 

31 

1 

50 

48 

3 

51 

65 

m 

52 

81 

BB 

53 

92 

54 

98 

Kl 

55 

>99 

56 

56 

73 

57 

86 

58 

94 

59 

99 

60 

>99 

x^v^ 

65 

70 

<52 

<1 

<1 

53 

1 

<1 

54 

3 

<1 

55 

6 

<1 

56 

11 

<1 

57 

20 

<1 

58 

32 

2 

59 

48 

4 

60 

64 

9 

61 

79 

16 

62 

90 

26 

63 

96 

40 

64 

99 

56 

65 

>99 

71 

66 

84 

67 

93 

68 

98 

69 

>99 

70 

>99 
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Table  3  (Continued) 


85 

90 

^69 

<1 

<1 

70 

1 

<1 

71 

2 

<1 

72 

4 

<1 

73 

8 

<1 

74 

14 

<1 

75 

23 

2 

76 

34 

3 

77 

48 

6 

78 

62 

11 

79 

76 

19 

80 

86 

29 

81 

94 

4l 

82 

98 

55 

83 

99 

69 

84 

>99 

81 

85 

>99 

90 

86 

95 

8? 

98 

88 

>99 

89 

>99 

90 

>99 

75 

80 

S6i 

<1 

<1 

62 

2 

<1 

63 

4 

<1 

64 

7 

<L 

65 

13 

<1 

66 

21 

1 

67 

33 

3 

68 

48 

5 

69 

63 

10 

70 

77 

17 

71 

88 

28 

72 

95 

4l 

73 

98 

55 

74 

>99 

70 

75 

>99 

82 

76 

91 

77 

96 

78 

99 

79 

>99 

80 

>99 

95 

100 

:S78 

<1 

<1 

79 

1 

<1 

80 

3 

<1 

81 

5 

<1 

82 

9 

<1 

83 

15 

1 

84 

24 

2 

85 

35 

4 

86 

48 

7 

87 

62 

12 

88 

75 

20 

89 

85 

30 

90 

92 

42 

91 

97 

55 

92 

99 

68 

93 

>99 

79 

94 

>99 

88 

95 

>99 

94 

96 

98 

97 

99 

98 

>99 

99 

>99 

100 

>99 

Exanple:  Observed  from  sac^tle  t6/8^ 

Confidence  in  inferring  90j($p5100](  is  3^^ 
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Table  3  (continued) 

Confidence  in  Inferring  (95>6<p)  for  Binomial  Distribution 

The  follov/ing  tables  list  the  confidence  value  in  the  body  of  the  table  in 
inferring  that  95/S<p  for  a  binomial  distribution. 

Those  tables  are  usefxil  for  answering  such  questions  as  "if  (x)  units  out  of 
a  samplb  of  size  (n)  are  observed  to  have  somo  particular  attribute,  what  confidence 
can  be  put  in  the  statement  that  the  true  proportion  of  the  population  having  this 
attribute  is  greater  than  95/t." 

If  the  above  question  is  asked  about  many  different  situations,  then  the  table 
entry  lists  tho  percentage  of  situations  in  which  p  is  actually  greater  than  95j6. 

Thus,  the  tables  list  for  each  sample  size,  n,  and  each  observed  number,  x, 
a  value  for  P  such  that 


P(95/6<p)  =  table  entry 


Examples  are  given  on  each  table. 
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Table  3  (Continued) 


Example:  Observed  from  sample  14/15 

Confidence  in  Inferring  95!(  S  P  S  1C0%  Is  Yl% 
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Table  3  (Continued) 


75 

1  w  1 

S66 

<1 

67 

1 

68 

3 

69 

8 

70 

17 

71 

32 

72 

52 

1 

73 

73 

4 

74 

89 

10 

75 

98 

21 

76 

37 

77 

57 

78 

77 

79 

91 

80 

98 

85 

1  90  1 

S76 

<1 

I— 

77 

3 

mm 

78 

6 

Ba 

79 

13 

EB 

80 

25 

eI 

81 

42 

1 

82 

62 

4 

83 

80 

8 

84 

93 

16 

85 

99 

29 

86 

47 

87 

66 

88 

83 

89 

94 

90 

99 

SxaB^le:  Observed  trooL  sample  90/90 

Confidence  In  inferring  95%  S  p  S  lOOJt  is 


IgBsa 

J95 

1  lOOl 

^85 

D 

86 

2 

87 

5 

88 

89 

20 

90 

34 

1 

91 

52 

3 

92 

71 

6 

93 

86 

13 

94 

95 

23 

95 

99 

38 

96 

56 

97 

131 

98 

131 

99 

96 

100 

99 

99Jt 
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Table  3  (Continued) 

Confidence  in  Inferring  (97SJ  <  p)  for  Binomial  Distribution 

The  following  tables  list  the  confidence  value  in  the  body  of  the  table  in 
inferring  that  9755  <p  for  a  binomial  distribution. 

These  tables  are  useful  for  answering  such  questions  as  "if  x  'onits  out  of 
a  sample  of  size  n  are  observed  to  have  some  particular  attribute,  what  confidence 
can  be  put  in  the  statement  that  the  true  proportion  of  the  popiilatlon  having  this 
attribute  is  greater  than  97^." 

If  the  above  question  is  asked  about  many  different  situations,  then  the 
table  entry  lists  the  percentage  of  situations  in  which  p  is  actually  greater  the 
9756. 


Thus,  the  tables  list  for  each  sample  size,  n,  and  each  observed  number,  x, 
a  value  for  P  such  that 

B  (97^  <  p)  *  table  entry. 


Examples  ore  given  on  each  table. 
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Table  3  (Continued) 


Appendix  3B 
Table  3  (Continued) 


Example:  Observed  from  sample  35/36 

Confidence  in  Inferring  97^  <p  1100^  Is  29S( 


50 

S40 

<1 

41 

1 

<1 

42 

5 

<1 

43 

15 

<1 

44 

39 

<1 

45 

75 

<1 

46 

2 

47 

6 

48 

19 

49 

44 

50 

78 

Ban 

55 

60 

S50 

<1 

<1 

51 

2 

<1 

52 

6 

<1 

53 

23 

<1 

54 

49 

<1 

55 

81 

<1 

56 

3 

57 

11 

56 

27 

59 

54 

60 

84 

i^&i 

65 

70 

S59 

<1 

60 

1 

61 

5 

<1 

62 

13 

<1 

63 

31 

<1 

64 

58 

<1 

65 

86 

2 

66 

6 

67 

16 

68 

35 

69 

62 

70 

88 
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Table  3  (continued) 

Confidence  in  Inferring  (9956<p)  for  Binomial  Distribution 

The  following  tables  list  the  confidence  value  in  the  body  of  the  table  in 
inferring  that  995o<  p  for  a  binomial  distribution. 

These  tables  are  useful  for  answering  such  questions  as  "if  (x)  units  out 
of  a  sample  of  size  (n)  are  observed  to  have  some  particular  attribute,  what 
confidence  can  bo  put  in  the  statement  that  the  true  proportion  of  the  population 
having  this  attribute  is  greater  than  9956." 

If  the  above  question  is  asked  about  many  different  situations,  then  the 
table  entry  lists  the  percentage  of  situations  in  which  p  is  acutally  greater 
than  99/6. 

Thus,  the  tables  list  for  each  sample  size,  n,  and  each  observed  number,  x, 
a  value  for  P  such  that 


P  (9956  <  p)  =  table  entry 
Examples  are  given  on  each  table. 


•«  » 


TtSl 


Appondlz  3B 


Table  3  (Continued) 


Example:  Observed  fraa.  san^le  16/16 

Confidence  In  Inferring  99%  2E  P  jS  100%  Is  15% 
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Appendix  3D 
Table  1 


Confidence  Linita  for  the  Expectation  of  a  Ptoisson  Variable 


ig 

0.998 

0.99 

0.98 

0.95 

0.90 

a 

0.001 

0.005 

0.01 

0.025 

0.05 

B 

c 

Lower 

Upper 

lower 

Upper 

lower 

Upper 

lower 

Upper 

lower 

Upper 

c 

0.00000 

6.91 

0.00000 

5.30 

o.oooc 

0.0000 

3.69 

0.0000 

.00100 

9.23 

.00501 

7.43 

.0101 

0.253 

5.57 

.0513 

4.74 

.0454 

11.23 

.103 

9.27 

.U9 

.242 

7.22 

.355 

6.30 

13 

.191 

13.06 

.338 

10.98 

.436 

10.05 

.619 

8.77 

.818 

7.75 

.429 

U.79 

.672 

12.59 

.823 

11.60 

1.09 

10.24 

1.37 

9.15 

5 

0.739 

16.45 

1.08 

14.15 

1.28 

13.11 

1.62 

11.67 

1.97 

10.51 

5 

6 

1.11 

18.06 

1.54 

15.66 

1.79 

U.57 

2.20 

13.06 

2.61 

11.84 

6 

1.52 

19.63 

2.04 

17.13 

2.33 

16.00 

2.81 

U.42 

3.29 

13.15 

7 

1.97 

21.16 

2.57 

18.58 

2.91 

17.40 

3.45 

15.76 

3.98 

U.43 

8 

2.45 

22.66 

3.13 

20.00 

3.51 

18.78 

4.12 

i7.ee 

4.70 

15.71 

c, 

/ 

10 

2.96 

24.13 

3.72 

21.40 

4.13 

20.14 

4.80 

18.39 

5.43 

16.96 

10 

11 

3.49 

25.59 

4.32 

22.78 

4.77 

21.49 

5.49 

19.68 

6.17 

18.211 

11 

12 

4.04 

27.03 

4.94 

24.14 

5.43 

22.32 

6.20 

20.96 

6.92 

19.44 

12 

13 

4.61 

28.45 

5.58 

25.50 

6.10 

e  14 

6.92 

22.23 

7.69 

20.67 

13 

U 

5.20 

29.85 

6.23 

26.84 

6.78 

25.45 

7.65 

23.49 

8. 46 

21.89 

u 

15 

5.79 

31.24 

6.89 

28.16 

7.48 

26.74 

8.40 

24.74 

9.25 

23. 1C 

15 

16 

5.41 

32.62 

7.57 

29.48 

8.18 

28.03 

9.15 

25.98 

10.04 

24.3c 

16 

17 

7.03 

33.99 

8.25 

30.79 

8.89 

29.31 

9.90 

27.22 

10.83 

25.5c 

17 

18 

7.66 

35.35 

8.94 

32.09 

9.62 

30.58 

10.67 

28.45 

11.63 

26.69 

18 

19 

8.31 

36.70 

9.64 

33.38 

10.35 

31.85 

11.44 

29.67 

12.44 

27.88 

19 

20 

8.96 

38.04 

10.35 

34.67 

11.08 

33.10 

12.22 

30.89 

13.25 

29.06 

20 

21 

9.62 

39.38 

11.07 

35.95 

11.82 

34.36 

13.00 

32.10 

14.07 

30.24 

21 

22 

10.29 

40.70 

11.79 

37.22 

12.57 

35.60 

13.79 

33.31 

14.89 

31.42 

22 

23 

10.96 

42.02 

12.52 

38.48 

13.33 

36.84 

14.58 

34.51 

15.72 

32.59 

23 

24 

11.65 

43.33 

13.25 

39.74 

14.09 

38.08 

15.38 

35.71 

16.55 

33.75 

24 

25 

12.34 

44.64 

14.00 

41.00 

14.85 

39.31 

16.18 

36.90 

17.38 

34.92 

25 

26 

13.03 

45.94 

U.74 

42.25 

15.62 

40.53 

16 .98 

38.10 

18.22 

36.08 

26 

27 

13.73 

47.23 

15.49 

43.50 

16.40 

41.76 

17.79 

39.28 

1>*  • 

37.23 

27 

28 

u.u 

48.52 

16.24 

44.74 

17.17 

42.93 

18.61 

40.47 

19.90 

38.39 

28 

29 

15.15 

49.80 

17.00 

45.98 

17.96 

44.19 

19.42 

41.65 

20.75 

39.54 

29 

30 

15.87 

51.08 

17.77 

47.21 

18.74 

45.40 

20.24 

42.83 

21.59 

40.69 

30 

35 

19.52 

57.42 

21.64 

53.32 

22.72 

51.41 

24.38 

48.68 

25.37 

4-^e  4-C 

35 

40 

23.26 

63 

25.59 

59.36 

26.77 

57.35 

28.53 

54.47 

30.20 

40 

45 

27.08 

69.83 

29.60 

65.34 

30.88 

63.23 

32.82 

60.21 

34.56 

45 

50 

30.96 

75.94 

33.66 

71.27 

35.  C3 

69.07 

37.11 

65.92 

38.96 

63.29 

50 

If  c  is  the  observed  frequency  or  count  amd  m  ,  in  are  the  lower  and  upper 
confidence  limits  for  its  expectation,  m,  then  ^  " 

Pr(ra^<  ia<ing)<  l_2a 
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Appendix  3E 
Table  lA 


F  Distribution:  Upper  10  Per  Cent  Points 


1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

39.864 

49.500 

53.593 

55.833 

57.2a 

58.204 

58.906 

59.439 

59.858 

2 

8.5263 

9.0000 

9.1618 

9.2434 

9.2926 

9.3255 

9.3491 

9.3668 

9.3805 

3 

5.5383 

5.4624 

5.3908 

5.3427 

5.3092 

5.2847 

5.2662 

5.2517 

5.2400 

4 

4.5448 

4.3246 

4.I9O8 

4.1073 

4.0506 

3.9790 

3.9549 

3.9357 

5 

4.0604 

3.7797 

3.6195 

3.5202 

3.4530 

3.4045 

3.3679 

3.3393 

3.3163 

6 

3.7760 

3.4633 

3.2888 

3.1808 

3.1075 

3.0546 

3.0U5 

2.9830 

2.9577 

7 

3.5894 

3.2574 

3.0741 

2.9605 

2.8833 

2.8274 

2.7849 

2.7516 

2.7247 

8 

3.4579 

3.1131 

2.9238 

2.8O64 

2.7265 

2.6683 

2.62a 

2.5893 

2.5612 

9 

3.3603 

3.0065 

2.8129 

2.6927 

2.6106 

2.5509 

2.5053 

2.4694 

2.4403 

10 

3.2850 

2.9245 

2.7277 

2.6053 

2.5216 

2.4606 

2.4140 

2.3772 

2.3473 

11 

3.2252 

2.8595 

2.6602 

2.5362 

2.4512 

2.3891 

2.3a6 

2.3040 

2.2735 

12 

3.1765 

2.8068 

2.6055 

2.4801 

2.3940 

2.3310 

2.2828 

2.2446 

2.2135 

13 

3.1362 

2.7632 

2.5603 

2.4337 

2.3467 

2.2830 

2.23a 

2.1953 

2.1638 

U 

3.1022 

2.7265 

2.5222 

2.3947 

2.3069 

2.2426 

2.1931 

2.1539 

2.1220 

15 

3.0732 

2.6952 

2.4898 

2.3614 

2.2730 

2.2081 

2.1582 

2.1185 

2.0862 

16 

3.0481 

2.6682 

2.4618 

2.3327 

2.2438 

2.0880 

2.0553 

17 

3.0262 

2.6446 

2.4374 

2.3077 

2.2183 

2.1017 

2.0613 

2.0284 

18 

3.0070 

2.6239 

2.a60 

2.2858 

2.1958 

2.0785 

2.0379 

2.0047 

19 

2,9899 

2.6056 

2.3970 

2.2663 

2.1760 

2.1094 

2.0580 

2.0171 

1.9836 

20 

2.9747 

2.5893 

2.3803 

2.2489 

2,1582 

2.0913 

2.0397 

1.9985 

1.9649 

21 

2.9609 

2.5746 

2.3649 

2.2333 

2.1423 

2.0751 

1.9819 

1.9480 

22 

2.9486 

2.5613 

2.3512 

2.2193 

2.1279 

2.0605 

2.0084 

1.9668 

1.9327 

23 

2,9374 

2.5493 

2.3387 

2.2065 

2.1149 

2.0472 

1.9949 

1.9531 

1.9189 

24 

2.9271 

2.5383 

2.3274 

2.1949 

2.1030 

2.0351 

1.9826 

1.9407 

1.9063 

25 

2.9177 

2.5283 

2.3170 

2.1843 

2.0922 

2.02a 

1.9714 

1.9292 

1.8947 

26 

2.9091 

2.5191 

2.3075 

2.1745 

2.0822 

2.0139 

1.9610 

1.9188 

1.88a 

27 

2.9012 

2.5106 

2.2987 

2.1655 

2.073c 

2.0045 

1.9515 

1.9091 

1.8743 

28 

2.8939 

2.5028 

2,2906 

2.1571 

2.0645 

1.9959 

1.9427 

1.9001 

1.8652 

29 

2.8871 

2.4955 

2.2831 

2.1494 

2.0566 

1.9878 

1.9345 

1.8918 

1.8568 

30 

2.8807 

2.4887 

2.2761 

2.1422 

2.0492 

1.9803 

1.9269 

1.88a 

1.8490 

40 

2.8354 

2  ;o4 

2.2261 

2.0909 

1.9968 

1.9269 

1.8725 

1.8289 

1.7929 

60 

2.7914 

-..932 

2.1774 

2,oao 

1.9457 

1.8747 

1.8194 

1.7748 

1.7380 

120 

2.7478 

2.3473 

2.1300 

1.9923 

1.8959 

1.8238 

1.7675 

1.7220 

1.6843 

CD 

2o7055 

2.3026 

2.0838 

1.9U9 

1.8473 

1.77a 

1.7167 

1.6702 

1.6315 

This  table  gives  the  values  of  F  for  which  Ip  (v|  ,  Vj)  =  0,10 
One-sided  90  porcont  test. 

Two-sided  80  percent  toot. 
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Ippendlx  3£ 
Table  IB 


F  Distribution:  Upper  10  Percent  Points 


\7| 

Vt\ 

10 

12 

15 

20 

24 

igi 

40 

60 

120 

00 

1 

50.195 

60.705 

61.220 

61.740 

62.002 

62.265 

62.529 

62.794 

63.061 

63.328 

2 

?.39l6 

9.4081 

9.4247 

9.4a3 

9.U96 

9.4579 

9.4663 

9.4746 

9.4829 

9.4913 

3 

5.2304 

5.2156 

5.2003 

5.1845 

5.1764 

5.1681 

5.1597 

5.1512 

5.1425 

5.1337 

4 

3.9199 

3.8955 

3.8689 

3.8443 

3.8310 

3.8174 

3.8036 

3.7896 

3.7753 

3.7607 

5 

3.2974 

3.2682 

3.2380 

3.2067 

3.1905 

3.17a 

3.1573 

3.1402 

3.1228 

3.1050 

6 

2.9369 

2.9047 

2.8712 

2.8363 

2.8183 

2.8000 

2.7812 

2.7620 

2.7423 

2.7222 

7 

2.7025 

2.6681 

2.6322 

2.5947 

2.5753 

2.5555 

2.5351 

2.5142 

2.4928 

2.4708 

8 

2.5380 

2.5020 

2.4642 

2.4246 

2.40a 

2.3830 

2.3614 

2.3391 

2.3162 

2.2926 

9 

2.a63 

2.3789 

2.3396 

2.2983 

2.2768 

2.2547 

2.2320 

2.2085 

2.1843 

2.1592 

10 

2.3226 

2.28a 

2.2435 

2.2007 

2.1784 

2.1554 

2.1317 

2.1072 

2.0818 

2.0554 

11 

2.2482 

2.2087 

2.1671 

2.1230 

2.1000 

2.0762 

2.0516 

2.0261 

1.9997 

1.9721 

12 

2.1878 

2.1474 

2.1049 

2.0597 

2.0360 

2.0115 

1.9861 

1.9597 

1.9323 

1.9036 

13 

2.1376 

2.0966 

2.0532 

2.0070 

1.9827 

1.9576 

1.9315 

1.9043 

1.8759 

1.8462 

14 

2.0954 

2.0537 

2.0095 

1.9625 

1.9377 

1.9119 

1.8852 

1.8572 

1.8280 

1.7973 

15 

2.0593 

2.0171 

1.9722 

1.9243 

1.8990 

1.8728 

1.84>4 

1.8168 

1.7867 

1.7551 

16 

2.0281 

1.9854 

1.9399 

1.8913 

1.8656 

1.8388 

1.8108 

1.7816 

1.7507 

1.7182 

17 

1.9577 

1.9117 

1.8624 

1.8362 

1.8090 

1.7805 

1.7506 

1.7191 

1.6856 

18 

1.9333 

1.8868 

1.8368 

1.8103 

1.7827 

1.7537 

1.7232 

1.6910 

1.6567 

19 

1.9557 

1.9117 

1.8647 

1.8142 

1.7873 

1.7592 

1.7298 

1.6988 

1.6659 

1.6308 

20 

1.9367 

1.8924 

1.8449 

1.7938 

1.7667 

1.7382 

1.7083 

1.6768 

1.6433 

1.6074 

21 

1.9197 

1.8750 

1.8272 

1.7756 

1.7481 

1.7193 

1.6569 

1.6228 

1.5862 

22 

1.9043 

1.8593 

1.8111 

1.7590 

1.7312 

1.7021 

1.6714 

1.6389 

1.6042 

1.5668 

23 

1.8903 

1.8450 

1.7964 

1.7439 

1.7159 

1.6864 

1.6554 

1.6224 

1.5871 

1.5490 

24 

1.8775 

1.8319 

1.7831 

1.7302 

1.7019 

1.6721 

1.6407 

1.6073 

1.5715 

1.5327 

25 

1.8658 

1.8200 

1.7708 

1.7175 

1.6890 

1.6589 

1.6272 

1.5934 

1.5570 

1.5176 

26 

1.8550 

1.8090 

1.7596 

1.7059 

1.6771 

1.6468 

1.6147 

1.5805 

1.5437 

1.5036 

27 

1.8451 

1.7989 

1.7492 

1.6951 

1.6662 

1.6356 

1.6032 

1.5686 

1.5313 

1.4906 

28 

1.8359 

1.7895 

1.7395 

1.6852 

1.6560 

1.6252 

1.5925 

1.5575 

1.5198 

1.4784 

29 

1.8274 

1.7808 

1.7306 

1.6759 

1.6465 

1.6155 

1.5825 

1.5472 

1.5090 

1.4670 

30 

1.8195 

1.7727 

1.7223 

1.6673 

1.6377 

1.6065 

1.5732 

1.5376 

1.4989 

1.4564 

40 

1.7627 

1.7146 

1.6624 

1.6052 

1.57a 

i.5ai 

1.5056 

1.4672 

1.4248 

1.3769 

60 

1.7070 

1.6574 

1.6034 

1.5435 

1.5107 

1.4755 

1.4373 

1.3952 

1.3476 

1.2915 

120 

1.6524 

1.6012 

1.5450 

1.4821 

1.4472 

1.4094 

1.3676 

1.3203 

1.2646 

1.1926 

fO 

1.5987 

1.5458 

1.4871 

1.4206 

1.3832 

1.3a9 

1.2951 

1.2400 

1.1686 

1.0000 

b{  v,Si 

pbe-sided  90  percent  test. 
TWo-sided  80  percent  test. 
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Appendix  3E 
Table  2A 


Per  Cent  Ibints 


D 

2 

3 

4 

5 

6 

-0 

8 

9 

m 

161.45 

199.50 

215. 'a 

224.58 

230.16 

233.99 

236.77 

238.88 

240.54 

18.513 

19.164 

19.247 

19.296 

19.330 

19.353 

19.371 

19.385 

10.128 

9.5521 

9.2766 

9.1172 

9.0135 

8.9406 

8.8868 

8.845;: 

8,3123 

7.7086 

6.9443 

6.59U 

6.3883 

6.2560 

6.1631 

6.0942 

6.oac 

5.9938 

6.6079 

5.78cl 

5.4095 

5.1922 

5.0503 

4.9503 

4.8759 

4.818.3 

4,7725 

5.9874 

5.1433 

4.7571 

4.5337 

4.3874 

4.2839 

4.2066 

4.U63 

4.0990 

5.5914 

4.7374 

4.3468 

4.1203 

3.9715 

3.8660 

3.7870 

3.7257 

3.6767 

5 .3177 

4.4590 

4.0662 

3.8378 

3.6875 

3.5806 

3.5005 

3.4381 

3. 3831 

5.1174 

4.2565 

3.8626 

3.6331 

3 .4817 

3.3738 

3.2927 

3.2296 

3.1789 

10 

4.9646 

4.1028 

3.7083 

3.4780 

3.3258 

3.2172 

3.1355 

3.0717 

3.0204 

11 

4.8443 

3.9823 

3.5874 

3.3567 

3.2039 

3.0946 

3.0123 

2,9480 

2.8962 

12 

4.7472 

3.8853 

3.4903 

3.2592 

3.1059 

2.9961 

2.9134 

2.8486 

2,796j4 

13 

4.6672 

3.8056 

3.4105 

3.1791 

3.0254 

2.9153 

2.8321 

2,7669 

2.7144 

U 

4.6001 

3.7389 

3.3439 

3.1122 

2.9582 

2.8477 

2.7642 

2,6987 

2.6458 

15 

4.5431 

3.6823 

3.2874 

3.0556 

2.9013 

2.7905 

2.7066 

2.6408 

2,5876 

16 

4.4940 

3.6337 

3.2389 

3.0069 

2.8524 

2.7413 

2.6572 

2.5911 

2,5377 

17 

4.4513 

3.5915 

3.1968 

2.9647 

2.8100 

2.6987 

2.6143 

2. 5480 

2.4943 

18 

4.4139 

3.5546 

3.1599 

2.9277 

2.7729 

2.6613 

2.5767 

2.5102 

2.4563 

19 

4.3803 

3.5219 

3.1274 

2.8951 

2.7401’' 

2.6283 

2.5435 

2.4768 

2,4227 

20 

4.3513 

3.4928 

3.0984 

2.8661 

2.7109 

2.5990 

2.5U0 

2.4471 

2.3928 

21 

4.3248 

3.4668 

3.0725 

2.8401 

2.6848 

2.5727 

2.4876 

2.4205 

2.3661 

22 

4.3009 

3.4434 

3.0491 

2.8167 

2.6613 

2.5491 

2.4638 

2.3965 

2.3419 

23 

4.2793 

3.4221 

3.0280 

2.7955 

2.6400 

2.5277 

2.4422 

2.3748 

2,3201 

24 

4.2597 

3.4028 

3.0088 

2.7763 

2.6207 

2.5082 

2.4226 

2.3551 

2.3002 

25 

4.2417 

3.3852 

2.9912 

2,7587 

2.6030 

2.4904 

2.4047 

2.3371 

2.2821 

26 

4.2252 

3.3690 

2.9751 

2.7426 

2.5868 

2.47a 

2.3883 

2.3205 

2.2655 

27 

4.2100 

3.3541 

2.9604 

2.7278 

2.5719 

2.4591 

2.3732 

2.3053 

2,2501 

28 

4.1960 

3 .3404 

2.9467 

2.7141 

2.5581 

2.U53 

2.3593 

2.2913 

2,2360 

29 

4.1830 

3.32T; 

2.9340 

2.7014 

2.5454 

2.4324 

2.3463 

2.2782 

2.2229 

30 

4.1709 

3.3158 

2.9223 

2.6896 

2.5336 

2.4205 

2.3343 

2.2662 

2.2107 

40 

4.0848 

3.2317 

2.8387 

2.6060 

2.4495 

2.3359 

2.2490 

2.1802 

2.1240 

60 

4.0012 

3.1504 

2.7581 

2.5252 

2.3683 

2.2540 

2,1665 

2,0970 

2.0401 

120 

3.9201 

3.0718 

2.6802 

2.4472 

2.2900 

2.1750 

2.0867 

2.0164 

1.9588 

00 

3.8415 

2.9957 

2.6049 

2.3719 

2.2141 

2.0986 

2.0096 

1,9384 

1.8799 

This  table  gives  the  values  of  F  for  which  Ip(V|  ,V2)=0.05. 


One-sided  95  percent  test. 


Two-sided  90  percent  test. 
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Appendix  3E 
Table  2B 


F  Distributions  Upper. 

5  Per  0 

ent  Feints 

10 

12 

15 

20 

24 

30 

40 

120 

00 

1 

241,88 

243.91 

245.95 

248.01 

249.05 

250.09 

251.  U 

252,20 

253.25 

254.32 

2 

19.396 

19. a3 

19.429 

19  .U6 

19.454 

19,462 

19.471 

19.479 

19.487 

19.496 

3 

8,7855 

8,7446 

8.7029 

8.6602 

8,6385 

8.6166 

8.5944 

8,5720 

8,5494 

8.5265 

4 

5.96U 

5.9117 

5.8578 

5.8025 

5.7744 

5.7459 

5.7170 

5.6878 

5.6581 

5.6281 

5 

4.7351 

4.6777 

4.6188 

4.5581 

4.5272 

4.4957 

4,4638 

4.43U 

4.3984 

4.3650 

6 

4.0600 

3.9999 

3.9381 

3.8742 

3.8415 

3.8082 

3.7743 

3.7398 

3.7047 

3,6688 

7 

3.6365 

3,5747 

3.5108 

3.4U5 

3.4105 

3.3758 

3.3404 

3.2674 

3.2298 

8 

3.3472 

3 .2840 

3 .2184 

3.1503 

3.1152 

3,0794 

3.0428 

3.0053 

2.9669 

2.9276 

9 

3.1373 

3.0729 

3.0061 

2.9365 

2.9005 

2.8637 

2,8259 

2.7872 

2.7473 

2.7067 

10 

2.9782 

2,9130 

2.8450 

2.7740 

2.7372 

2.6996 

2,6609 

2,6211 

2.5801 

2,5379 

11 

2,8536 

2.7876 

2,7186 

2.6464 

2.6090 

2.5705 

2,5309 

2.4901 

2,4480 

2.4045 

12 

2,7534 

2,6866 

2,6169 

2.5436 

2.5055 

2.4663 

2,4259 

2.3842 

2.3410 

2,2962 

13 

2.6710 

2.6037 

2,5331 

2.4589 

2.4202 

2.3803 

2.3392 

2.2966 

2,2524 

2,2064 

U 

2.6021 

2,5342 

2,4630 

2.3879 

2.3487 

2. 3082 

2,2664 

2.2230 

2,1778 

2,1307 

15 

2,5437 

2.4753 

2,4035 

2.3275 

2.2878 

2,2468 

2.2043 

2.1601 

2.1141 

2.0658 

16 

2,4935 

2.4247 

2,3522 

2,2756 

2.2354 

2.1938 

2.1507 

2.1058 

2,0589 

2.0096 

17 

2.4499 

2.3807 

2,3077 

2.2304 

2.1898 

2.1477 

2,1040 

2.0107 

1.9604 

18 

2 ,4117 

2,3421 

2.2686 

2.1906 

2.U97 

2.1071 

2,0629 

2,0166 

1.9681 

1,9168 

19 

2.3779 

2.3080 

2.2341 

2,1555 

2,1U1 

2.0712 

2.0264 

1.9796 

1.9302 

1,8780 

20 

2.3479 

2.2776 

2,2033 

2.1242 

2.0825 

2.0391 

1.9938 

1.9464 

1.8432 

21 

2.3210 

2,2504 

2.1757 

2.0960 

2.0540 

2,0102 

1.9645 

1.9165 

1.8657 

1,8117 

22 

2,2967 

2,2258 

2.1508 

2.0707 

2,0283 

1.9842 

1.9380 

1.8895 

1.8380 

1.7831 

23 

2.2747 

2.2036 

2.1282 

2,0476 

2. 0050 

1.9605 

1.9139 

1.8649 

1.8128 

1.7570 

24 

2.2547 

2.1834 

2.1077 

2.0267 

1.9838 

1.9390 

1,8920 

1 .8424 

1,7897 

1.7331 

25 

Zi2365 

2.1649 

2.0889 

2,0075 

1.9643 

1.9192 

1.8718 

1.8217 

1,7684 

1.7110 

26 

2.2197 

2.U79 

2.0716 

1,9898 

1,9464 

1,9010 

1.8533 

1,8027 

1,7486 

1,6906 

27 

2.2043 

2.1323 

2.0558 

1.9736 

1,9299 

1,8842 

1,8361 

1,7851 

1,7307 

1.6717 

28 

2.1900 

2.1179 

2.cai 

1,9586 

1,9147 

1,8687 

r,8203 

1,7689 

1,7133 

1.6541 

29 

2.1768 

2,1045 

2,0275 

1.9U6 

1,9005 

1,8543 

1,8055 

1.7537 

1,6981 

1,6377 

30 

2.1646 

2.0921 

2,0143 

•  1,9317 

1.8874 

1.8409 

1.7918 

1.7396 

1.6835 

1.6223 

40 

2.0772 

2,0035 

1.9245 

1,8389 

1.7929 

1.7444 

1.6928 

1,6373 

1.5766 

1.5089 

60 

1.992$ 

1,9174 

1.8364 

1.7480 

1.7001 

1,6491 

1.5943 

1,5343 

1.4673 

1.3893 

120 

1.9105 

1.8337 

1,7505 

1.6587 

1,6084 

1.5543 

1.4952 

1,4290 

1.3519 

1.2539 

00 

1.8307 

1.7522 

1.6664 

1,5705 

1.5173 

1.4591 

1.3940 

1.2214 

1.0000 

f  =  4-  = 

w 

One-sided  95  percent  test. 
Two-sided  90  percent  test. 
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Appendix  3£ 
Table  3A 


F  Distribution:  Upper  2.5  Per  Cent  Points 


1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

647.79 

799.50 

864.16 

899.58 

921.85 

937.11 

948.22 

956.66 

963.28 

2 

38.506 

39.000 

39.165 

39.248 

39.298 

39.331 

39.355 

39.373 

39.387 

3 

17.443 

16.044 

15.439 

15.101 

14.885 

14.735 

14.624 

14.540 

14»473 

4 

12.218 

10.649 

9.9792 

9.6045 

9.3645 

9.1973 

9.0741 

8.9796 

8^47 

5 

10.007 

8.4336 

7.7636 

7.3879 

7.1464 

6.9777 

6.8531 

6.7572 

1.6810 

6 

8.8131 

7.2598. 

6.5988 

6.2272 

5.9876 

5.8197 

5.6955 

5,5996 

5.5234 

7 

8.0727 

6.5a5 

5.8898 

5.5226 

5.2852 

5.1186 

4.9949 

4.8994 

4.8232 

8 

7.5709 

6.0595 

5.a60 

5.0526 

4.8173 

4.6517 

4.5286 

4.4332 

4.3572 

9 

7.2093 

5.7147 

5.0781 

4.7181 

4.4844 

4.3197 

4.1971 

4.1020 

4.0260 

10 

6.9367 

5.4564 

4.8256 

4.4683 

4.2361 

4.0721 

3.9498 

3.8549 

3.7790 

11 

6.7241 

5.2559 

4.6300 

4.2751 

4.0440 

3.8807 

3.7586 

3.6638 

3.5879 

12 

6.5538 

5.0959 

4.4742 

4.1212 

3.8911 

3.7283 

3.6065 

3.5118 

3.4358 

13 

6.4143 

4.9653 

4.3472 

3.9959 

3.7667 

3.6043 

3.4827 

3.3880 

3.3120 

14 

6.2979 

4.8567 

4.2a7 

3.8919 

3.6634 

3.5014 

3.3799 

3.2853 

3.2093 

15 

6.1995 

4.7650 

4.1528 

3.8043 

3.5764 

3.4147 

3.2934 

3.1987 

3.1227 

16 

6.1151 

4.6867 

4.0768 

3.7294 

3.5021 

3.3406 

3.2194 

3.1248 

3.0488 

17 

6.0420 

4.6189 

4.0112 

3.6648 

3.4379 

3.2767 

3.1556 

3.0610 

2.9849 

IS 

5.9781 

4.5597 

3.9539 

3.6083 

3.3820 

3.2209 

3.0999 

3.0053 

2.9291 

19 

5.9216 

4.5075 

3.9034 

3.5587 

3.3327 

3.1718 

3.0509 

2.9563 

2.8800 

20 

5.8715 

4.4613 

3.8587 

3.5147 

3.2891 

3.1283 

3.0074 

2.9128 

2.8365 

21 

5.8266 

4.a99 

3.8188 

3.4754 

3.2501 

3.0895 

2.9686 

2.8740 

2.7977 

22 

5.7863 

4.3828 

3.7829 

3.4401 

3.2151 

3.0546 

2.9338 

2.8392 

2.7628 

23 

5.7498 

4.3492 

3.7505 

3.4083 

3.1835 

3.0232 

2.9024 

2.8077 

2.7313 

24 

5.7167 

4.3187 

3.7211 

3.3794 

3.1548 

2.9946 

2.8738 

2.7791 

2.7027 

25 

5.6864 

4.2909 

3.6943 

3.3530 

3.1287 

2.9685 

2.8478 

2.7531 

2.6766 

26 

5.6586 

4.2655 

3.6697 

3.3289 

3.1048 

2.9U7 

2.8240 

2.7293 

2.6528 

27 

5.6331 

4.2421- 

3.6472 

3.3067 

3.0828 

2.9228 

2.8021 

2.7074 

2.6309 

28 

5.6096 

4.2205 

3.6264 

3.2863 

3.0625 

2.9027 

2.7820 

2.6872 

2.6106 

29 

5.5878 

4.2006 

3.6072 

3.2674 

3.0438 

2.8840 

2.7633 

2.6686 

2.5919 

30 

5.5675 

4.1821 

3.5894 

3.2499 

3.0265 

2.8667 

2.7460 

2.6513 

2.5746 

40 

5.4239 

4.0510 

3.4633 

3.1261 

2.9037 

2.7444 

2.6238 

2.5289 

2.4519 

60 

5.2857 

3.9253 

3.3425 

3.0077 

2.7863 

2.6274 

2.5068 

2.4117 

2.3344 

120 

5.1524 

3.8046 

3.2270 

2.8943 

2.6740 

2.5154 

2.3948 

2.2994 

2.2217 

CD 

5.0239 

3.6889 

3.1161 

2.7858 

2.5665 

2.4082 

2.2875 

2.1918 

2.1136 

This  table  gives  the  values  of  F  for  which  Ip  (v,  jVg)  =  o.025. 


Che-sided  97.5  percent  test. 
Two-sided  95.0  percent  test. 
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Appendix  3E 
Table  3B 


m  V 


F  Distribution?  Upper  2.5  Per  Cent  Points 


\v, 

Y2\ 

10 

12 

15 

20 

24 

30 

40 

60 

120 

00 

1 

968.63 

976.71 

984.87 

993.10 

997.25 

1001.4 

1005.6 

1009.8 

1014.0 

1018.3 

2 

39.398 

39.a5 

39.431 

39.448 

39.456 

39.465 

39.473 

39.481 

39.490 

39.498 

3 

14.419 

U,337 

14.253 

14.167 

14.124 

14.081 

14.037 

13.992 

13.947 

13.902 

4 

8.8439 

8.7512 

8.6565 

8.5599 

8.5109 

8.4613 

8.  an 

8.3604 

8.3092 

8.2573 

5 

6.6192 

6.5246 

6.4277 

6.3285 

6.2780 

6.2269 

6.1751 

6.1225 

6.0693 

6.0153 

6 

5.4613 

5.3662 

5.2687 

5.1684 

5.1172 

5.0652 

5.0125 

4.9589 

4.9045 

4.8491 

7 

4.7611 

4,6658 

4.5678 

4,4667 

4.a50 

4.3624 

4.3089 

4.25U 

4.1989 

4.1423 

8 

4.2951 

4.1997 

4.1012 

3.9995 

3.9472 

3.8940 

3.8398 

3.7844 

3.7279 

3.6702 

9 

3.9639 

3.8682 

3.7694 

3.6669 

3.6142 

3.5604 

3.5055 

3.U93 

3.3918 

3.3329 

10 

3.7168 

3.6209 

3.5217 

3.4186 

3.3654 

3.3110 

3.2554 

3.1984 

3.1399 

3.0798 

11 

3.5257 

3.4296 

3.3299 

3.2261 

3.1725 

3.1176 

3.0613 

3.0035 

2.94a 

2.8828 

12 

3.3736 

3.2773 

3.1772 

3.0728 

3.0187 

2.9633 

2.9063 

2.8478 

2.7874 

2.7249 

13 

3.2497 

3.1532 

3.0527 

2.9477 

2.8932 

2.8373 

2.7797 

2.7204 

2.6590 

2.5955 

14 

3.1/69 

3,0501 

2.9493 

2.8437 

2.7888 

2.7324 

2.6742 

2. 6142 

2.5519 

2.4872 

15 

3.0602 

2.9633 

2.8621 

2.7559 

2.7006 

2.6437 

2.5850 

2.5242 

2.4611 

2.3953 

16 

2.9862 

2.8890 

2.7875 

2.6808 

2.6252 

2.5678 

2.5085 

2.U71 

2.3831 

2.3163 

17 

2.9222 

2.8249 

2.7230 

2.6158 

2.5593 

2.5021 

2.4422 

2.3801 

2.3153 

2.2474 

18 

2.8664 

2.7689 

2.6667 

2.5590 

2.5027 

2.4445 

2.3842 

2.3214 

2.2558 

2.1869 

19 

2.8173 

2.7196 

2.6171 

2.5089 

2.4523 

2.3937 

2.3329 

2.2695 

2.2032 

2.1333 

20 

2.7737 

2,6758 

2.5731 

2.4645 

2.4076 

2.3486 

2.2873 

2.2234 

2.1562 

2.0853 

21 

2.7348 

2.6368 

2.5338 

2.4247 

2.3675 

2.3082 

2.2465 

2.1819 

2.11a 

2.0422 

22 

2.6998 

2,6017 

2.4984 

2,3890 

2.3315 

2.2718 

2.2097 

2,1446 

2.0760 

2.0032 

23 

2.6682 

2,5699 

2,4665 

2.3567  ;  2.2989 

2.2389 

2.1763 

2.1107 

2.0a5 

1.9677 

24 

2.6396 

2,5a2 

2.4374 

2.3273 

2.2693 

2.2090 

2.1460 

2.0799 

2.0099 

1.9353 

25 

2.6135 

2,5U9 

2,4110 

2,3005 

2.2422 

2.1816 

2.1183 

2.0517 

1.9811 

1.9055 

26 

2.5895 

2,4909 

2,3867 

2,2759 

2.2174 

2.1565 

2.0928 

2.0257 

1.9545 

1.8781 

.  27 

2.5676 

2,4688 

2,3644 

2.2533 

2.1946 

2.1334 

2.0693 

2.0018 

1.9299 

1.8527 

28 

2.5473 

2,4484 

2.3438 

2,2324 

2.1735 

2.1121 

2.0477 

1.9796 

1.9072 

1.8291 

29 

2.5286 

2,4295 

2,3248 

2.2131 

2.1540 

2.0923 

2.0276 

1.9591 

1.8861 

1.8072 

30 

2.5112 

2,4120 

2.3072 

2.1952 

2.1359 

2.0739 

2.0089 

1.9400 

1.8664 

1.7867 

40 

2.3882 

2,2882 

2,1819 

2.0677 

2.0069 

1.9429 

1.8752 

1.8028 

1.7242 

1.6371 

60 

2.2702 

2,1692 

2,0613 

1.9U5 

1.8817 

1.8152 

1.74/0 

1.6668 

1.5810 

1.4822 

120 

2.1570 

2,0548 

1,9450 

1.8249 

1.7597 

1.6899 

1.6ia 

1.5299 

1.4327 

1.3104 

00 

2,0483 

1.9447 

1.8326 

1.7085 

1.6402 

1.5660 

1 .4835 

1.3883 

1.2684 

1.0000 

One-sided  97.5  percent  test. 
Two-sided  95.0  percent  test. 
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Appendix  3E 
Table  4A 


F  Distribution:  Upper  1  Per  Cent  Points 


1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

4052.2 

4999.5 

5403.3 

5624.6 

5763.7 

5859.0 

5928.3 

5981.6 

6022.5 

2 

98.503 

99.000 

99.166 

99.249 

99.299 

99.332 

99.356 

99.374 

99.388 

3 

34.116 

30.817 

29.457 

28.710 

28.237 

27.911 

27.672 

27.489 

27.34$ 

4 

21.198 

18.000 

16.694 

15.977 

15.522 

14.976 

14.799 

14.659 

5 

16.258 

13.274 

12.060 

11.392 

10.967 

10.456 

10.289 

10.158 

6 

13.745 

10.925 

9.7795 

9.1483 

8.7459 

8.4661 

8.2600 

8.1016 

7.9761 

n 

12.246 

9.5466 

8.4513 

7.8467 

7.4604 

7.1914 

6.9928 

6.8401 

6.7188 

8 

11.259 

8.6491 

7.5910 

7.0060 

6.6318 

6.3707 

6.1776 

6.0289 

5.9106 

9 

10.561 

8.0215 

6.9919 

6.4221 

6.0569 

5.8018 

5.6129 

5.4671 

5.3511 

10 

10.044 

7.5594 

6,5523 

5.9943 

5.6363 

5.3858 

5.20C1 

5.0567 

4.9424 

11 

9.6460 

7.2057 

6.2167 

5.6683 

5.3160 

5.0692 

4.8861 

4.7445 

4.6315 

12 

9.3302 

6.9266 

5.9526 

5.ai9 

5.0643 

4.8206 

4.6395 

4.4994 

4.3875 

13 

9.0738 

6.7010 

5.7394 

5.2053 

4.8616 

4.6204 

4.4410 

4.3021 

4.1911 

14 

8.8616 

6.5149 

5.5639 

5.0354 

4.6950 

4.4558 

4.2779 

4.1399 

4.0297 

15 

8.6831 

6.3589 

5.4170 

4.8932 

4.5556 

4.3183 

4.1415 

4.0045 

3.8948 

16 

8.5310 

6.2262 

5.2922 

4.7726 

4.4374 

4.2016 

4.0259 

3.8896 

3.7804 

17 

8.3997 

6.1121 

5.1850 

4.6690 

4.3359 

4.1015 

3.9267 

3.7910 

3.6822 

18 

8.2854 

6.0129 

5.0919 

4.5790 

4.2479 

4.0146 

3.8406 

3.7054 

3.5971 

19 

8.1850 

5.9259 

5.0103 

4.5003 

4.1708 

3.9386 

3.7653 

3.6305 

3.5225 

20 

8.0960 

5.8489 

4.9382 

4.4307 

4.1027 

3.8714 

3.6987 

3.56U 

3.456?! 

21 

8.0166 

5.7804 

4.8740 

4.3688 

4.0421 

3.8117 

3.6396 

3.5056 

3.3961 

22 

7.9454 

5.7190 

4.8166 

4.3134 

3.9880 

3.7583 

3.5867 

3.4530 

3.3458 

23 

7.8811 

5.6637 

4.7649 

4.2635 

3.9392 

3.7102 

3.5290 

3.4057 

3.2986 

24 

7.8229 

5.6136 

4.7181 

4.2184 

3.8951 

3.6667 

3.4959 

3.3629 

3.2560 

25 

7.7698 

5.5680 

4.6755 

4.1774 

3.8550 

3.6272 

3.4568 

3.3239 

3.2172 

26 

7.7213 

5.5263 

4.6366 

4.1400 

3.8183 

3.5911 

3.4210 

3.2884 

3.1818 

27 

7.6767 

5.4881 

4.0009 

4.1056 

3.7848 

3.5580 

3.3882 

3.2558 

3.1494 

28 

7.6356 

5.4529 

4.5681 

4.0740 

3.7539 

3.5276 

3.3581 

3.2259 

3.1195 

29 

7.5976 

5.4205 

4.5378 

4.0U9 

3.7254 

3.4995 

3.3302 

3.1982 

3.092c 

30 

7.5625 

5.3904 

4.5097 

4.0179 

3.6990 

3.4735 

3.3045 

3.1726 

3.0665 

4o 

7.3141 

5.1785 

4.3126 

3.8283 

3.5138 

3.2910 

3.1238 

2.9930 

2.8876 

60 

7.0771 

4.9774 

4.1259 

3.6491 

3.3389 

3.1187 

2.9530 

2.8233 

2.7185 

120 

6.8510 

4.7865 

3.9493 

3.4796 

3.1735 

2.9559 

2.7918 

2.6629 

2.5586 

CO 

6.6349 

4.6052 

3.7816 

3.3192 

3.0173 

2.8020 

2.6393 

2.5113 

2.4073 

This  table  gives  the  values  of  F  for  which  Ij,(V|,Vg)  =  0.01. 
Ctae-sided  99  percent  test. 

Two-sided  98  percent  test. 
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Appendix  3E 
Table  4B 


F 'Distribution:  Upper  1  Per  Cent  Points 


V>^ 

10 

12 

15 

20 

24 

30 

40 

60 

120 

00 

1 

6055.8 

6106.3 

6157.3 

6208.7 

6234.6 

6260.7 

6286.8 

6313.0 

6339.4 

6366.0 

2 

99.399 

99.416 

99.432 

99.449 

99.458 

99.466 

99.474 

99.483 

99-491 

99.501 

3 

21,ZZ9 

27.052 

26.872 

26.690 

26.598 

26.505 

26.411 

26.316 

26.221 

26.125 

4 

14.374 

14.198 

14.020 

13.929 

13.838 

13.745 

13.652 

13.558 

13.463 

5 

10,051 

9.8883 

9.7222 

9.5527 

9.4665 

9.3793 

9.2912 

9.2020 

9.1118 

9.0204 

6 

7.8741 

7.7183 

7.5590 

7.3958 

7.3127 

7.2285 

7.1432 

7.0568 

6.9690 

6.8801 

7 

6.6201 

6,4691 

6,3U3 

6.1554 

6.0743 

5.9921 

5.9084 

5.8326 

5-7572 

5.6495 

8 

5.8143 

5,6663 

5.5151 

5.3591 

5.2793 

5.1981 

5.1156 

5.0316 

4.9460 

4.8588 

9 

5.2565 

5.1114 

4.9621 

4.8080 

4.6486 

4.5667. 

4.4831 

4.3978 

4.3105 

10 

4.8492 

4.7059 

4.5582 

4.4054 

4.3269 

4.2469 

4.1653 

4.0819 

3.9965 

3.9090 

11 

4.5393 

4.3974 

4.2509 

4.0990 

4.0209 

3.9411 

3.8596. 

3.7761 

3.6904 

3.6025 

12 

4.2961 

4,1553 

4.0096 

3.8584 

3.7805 

3.7008 

3.6192 

3.5355 

3.4494 

3.3608 

13 

3.9603 

3.8154 

3.6646 

3.5868 

3.5070 

3.4253 

3.3413 

3.2548 

3.1654 

14 

p.9394 

3,8001 

3.6557 

3.5052 

3.4274 

3.3476 

3.2656 

3.1813 

3.0942 

3.0040 

15 

3.8049 

3.6662 

3.5222 

3.37I9 

3,2940 

3.2141 

3.1319 

3.0471 

2.9595 

2.8684 

16 

3.6909 

3.5527 

3.4089 

3.25^ 

3.1808 

3.1007 

3.0182 

2.9330 

2.8447 

2.7528 

17 

3.5931 

3.4552 

3.3117 

3.1615 

3.0835 

3.0032 

2.9205 

2.8348 

2.7459 

2.6530 

18 

3.5082 

3.3706 

3.2273 

3.0771 

2.9990 

2.9185 

2.8354 

2.7493 

2.6597 

2.5660 

19 

3.4338 

3.2965 

3.1533 

3.0031 

2.9249 

2.8442 

2.7608 

2.6742 

2.5839 

2.4893 

20 

3.3682 

3.2311 

3.0880 

2.9377 

2.8594 

2.7785 

2.6947 

2.6077 

2.5168 

2.4212 

21 

3.3098 

3.1729 

3.0299 

2.8796 

2.8011 

2,7200 

2.6359 

2.5484 

2.4568 

2.3603 

22 

3.2576 

3.1209 

2.9780 

2.8274 

2.7488 

2.6675 

2.5831 

2.4951 

2.4029 

2.3055 

23 

3.ao6 

3.0740 

2.9311 

2.7805 

2.7017 

2.6202 

2.5355 

2.4471 

2.3542 

2.2559 

24 

3.1681 

3,0316 

2.8887 

2.7380 

2.6591 

2.5773 

2.4923 

2.4035 

2.3099 

2.2107 

25 

3.1294 

2.9931 

2.8502 

2.6993 

;^.6203 

2.5383 

2.4530 

2.3637 

2.2695 

2.1694 

26 

3.0941 

2.9579 

2.8150 

2.6640 

2.5848 

2.5026 

2.a70 

2.3273 

2.2325 

2.1315 

27 

3.0618 

2.9256 

2.7827 

2,6316 

2.5522 

2.4699 

2.3840 

2.2938 

2.1984 

2.0965 

1  28 

3.0320 

2.8959 

2.7530 

2.6017 

2.5223 

2.4397 

2.3535 

2.2629 

2.1670 

2.0642 

1  29 

2.8685 

2.7256 

2.5742 

2.4946 

2.ai8 

2.3253 

2.2344 

2.1378 

2.0342 

'  30 

2.8431 

2.7002 

2.5487 

2.4689 

2.3860 

2.2992 

2.2079 

2,1107 

2.0062 

1  40 

2.8005 

2.6648 

2,5216 

2.3689 

2.2880 

2.2034 

2.1142 

2.0194 

1.9172 

1.8047 

1  eo 

2.6318 

2.4961 

2.3523 

2.1978 

2.1154 

2.0285 

1.9360 

1.8363 

1.7263 

1.6006 

;  120 

2.4721 

2.3363 

2.1915 

2.0346 

1.9500 

1.8600 

1.7628 

1.6557 

1.5330 

1.3805 

>  00 

2.3209 

2.1848 

2.0385 

1.8783 

1.7908 

1.6964 

1.5923 

1.4730 

1.3246 

1.0000 

P 


fL  - 


One-sided  99  percent  test. 
Two-sided  98  percent  test. 
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Appendix  3F 

Student's  t-Distribution 


df 

.60 

.70 

.80 

.90 

.95 

.975 

.99 

.995 

1 

.325 

.727 

1.376 

3.078 

6.314 

12.706 

31.821 

63.657 

2 

.289 

.617 

1.061 

1.886 

2.920 

4.303 

6.965 

9.925 

3 

.277 

.584 

.978 

1.638 

2.353 

3.182 

4.541 

5.8a 

4 

.271 

.569 

.941 

1.533 

2.132 

2.776 

3.747 

4.604 

5 

.267 

.559 

.920 

1.476 

2.015 

2.571 

3.365 

4.032 

6 

.265 

.553 

.906 

1.440 

1.943 

2.U7 

3.143 

3.707 

7 

.263 

.549 

.896 

1.415 

1.895 

2.365 

2.998 

3.499 

8 

.262 

.546 

.889 

1.397 

1.860 

2.306 

2.896 

3.355 

9 

.261 

.543 

.883 

1.383 

1.833 

2.262 

2.821 

3.250 

10 

.260 

.542 

.879 

1.372 

1.812 

2.228 

2.764 

3.169 

11 

.260 

.540 

.876 

1.363 

1.796 

2.201 

2.718 

3.106 

12 

.259 

.539 

.873 

1.356 

1.782 

2.179 

2.681 

3.055 

13 

.259 

.538 

.870 

1.350 

1.771 

2.160 

2.650 

3.012 

14 

.258 

.537 

.868 

1.345 

1.761 

2.145 

2.624 

2.977 

15 

.258 

.536 

.866 

1.341 

1.753 

2.131 

2.602 

2.947 

16 

.258 

.535 

.865 

1.337 

1.746 

2.120 

2.583 

2.921 

17 

.257 

.534 

.863 

1.333 

1.740 

2.110 

2.567 

2,898 

18 

.257 

.534 

.862 

1.330 

1.734 

2.101 

2.552 

2.878 

19 

.257 

.533 

.861 

1.328 

1.729 

2.093 

2.539 

2.861 

20 

.257 

.533 

.860 

1.325 

1.725 

2.086 

2.528 

2.845 

21 

.257 

.532 

.859 

1.323 

1.721 

2.080 

2.518 

2.831 

22 

.256 

.532 

.858 

1.321 

1.717 

2.074 

2.508 

2.819 

23 

.256 

.532 

.858 

1.319 

1.714 

2.069 

2.500 

2.807 

24 

.256 

.531 

.857 

1.318 

1.711 

2.064 

2.492 

2.797 

25 

.256 

.531 

.856 

1 .316 

1.708 

2.060 

2.485 

2.787 

26 

.256 

.531 

.856 

1.315 

1.706 

2.056 

2.479 

2.779 

27 

.256 

.531 

.855 

1.314 

1.703 

2.052 

2.473 

2.771 

28 

.256 

.530 

.855 

1.313 

1.701 

2.048 

2.467 

2.763 

29 

.256 

.530 

.854 

1,311 

1,699 

2.045 

2.462 

2.756 

30 

.256 

.530 

.854 

1.310 

1.697 

2.042 

2.457 

2.750 

40 

.255 

.529 

.851 

1.303 

1.684 

2.021 

2.423 

2.704 

60 

.254 

.527 

.848 

1.296 

1.671 

2.000 

2.390 

2.660 

120 

.254 

.526 

,845 

1.289 

1.658 

1.980 

2.358 

2.617 

00 

.253 

,524 

.842 

1.282 

1,645 

1.960 

2.326 

2.576 

df 

m 


.  T 

A 

IPPENDH  -iC 

Areea  Under  the  Standard 

Normal  Curve  to  the  Rlgjit 
of  the  Ordinate 

_I_  4  T  1 

T 

4 

.00 

.5000000 

.22  .4129356 

.44 

.3299686 

.66 

.2546269 

.01 

.4960106 

.23  .4090459 

.45 

.3263552 

.67 

.2514289 

.02 

.4920217 

.24  .4051651 

.46 

.3227581 

.68 

.2482522 

.03 

.4S80335 

.25  .4012937 

.47 

.3191775 

.69 

.2450971 

.04 

.4840466 

.26  .3974319 

.48 

.3156137 

.70 

.2419637 

.05 

.4800612 

.27  .3935801 

.49 

.3120669 

.71 

.2388521 

.06 

.4760778 

.28  .3897388 

.50 

.3085375 

.72 

.2357625 

'  .07 

.4720968 

.29  .3859081 

.51 

.3050257 

.73 

.2326951 

.08 

.4681186 

.30  .3820886 

.52 

.3015318 

.74 

.2296500 

.09 

.4641436 

.31  .3782805 

.53 

.2980560 

.75 

.2266274 

.10 

.4601722 

.32  .3744842 

.54 

.2945985 

.76 

.2236273 

.11 

.4562047 

.33  .3707000 

.55 

.2911597 

.77 

.2206499 

.12 

.4522416 

.34  .3669283 

.56 

.2877397 

.78 

.2176954 

.13 

.4482832 

.35  .3631693 

.57 

.2843388 

.79 

.2147639 

.14 

.4443300 

.36  .3594236 

.58 

.2809573 

.80 

.2118554 

.15 

.4403823 

.37  .3556912 

.59 

.2775953 

.81 

.2089701 

.16 

.4364405 

.38  .3519727 

.60 

.2742531 

.82 

.2061081 

.17 

.4325051 

.39  .3482683 

.61 

.2709309 

.83 

.2032694 

.18 

.4285763 

.40  .3445783 

.62 

.2676289 

.84 

.2004542 

.19 

.4246546 

.41  .3409030 

.63 

.2643473 

.85 

.1976625 

.20 

.4207403 

.42  .3372427 

.64 

.2610863 

.86 

.1948945 

.21 

.4168338 

.43  .3335978 

.65 

.2578461 

.87 

.1921502 
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AIT-EHDIX  2G  (continued) 


A 

T 

A 

T 

A 

T 

A 

.88 

.1894297 

1.16 

.1230244 

1.44 

.0749337 

1.72 

.0427162 

.89 

.1867329 

1.17 

.1210005 

1.45 

.0735293 

1.73 

.0418  ..31 

.90 

.1840601 

1.18 

.1190001 

1.46 

.0721450 

1.74 

.0409295 

.91 

.18iai3 

1.19 

.1170232 

1.47 

.0707809 

1.75 

.0400592 

.92 

.1787864 

1.20 

.1150697 

1.48 

.0694366 

1.76 

.0392039 

.93 

.1761855 

1.21 

.1131394 

1.49 

.0681121 

1.77 

.0383636 

.94 

.1736088 

1.22 

.1112324 

1.50 

.0668072 

1.78 

.0375380 

.95 

.1710561 

1.23 

.1093486 

1.51 

.0655217 

1.79 

.0367270 

.96 

.1685276 

1.24 

.1074877 

1.52 

.0642555 

1.80 

.0359303 

.97 

.1660203 

1.25 

.1056498 

1.53 

.0630084 

1.81 

.0351479 

.98 

.1635451 

1.26 

.1038347 

1.54 

.0617802 

1.82 

.0343795 

.99 

.1610871 

1.27 

.1020423 

1.55 

.0605708 

1.83 

.0336250 

1.00 

.1586553 

1.28 

.1002726 

1.56 

.0593799 

1.84 

.03288a 

i.di 

.1562476 

1.29 

.0985253 

1.57 

.0582076 

1.85 

.0321568 

1.02 

.1538642 

1.30 

.0968005 

1.58 

.0570534 

1.86 

.0314428 

1.03 

.1515050 

1.31 

.0950979 

1.59 

.0559174 

1.87 

.0307a9 

1.04 

.1491700 

1.32 

.0934175 

1.60 

.0547993 

1.88 

.0300540 

1.05 

.1468591 

1.33 

.0917591 

1.61 

.0536989 

1.89 

.0293790 

1.06 

.1445723 

1.34 

.0901227 

1.62 

.0526161 

1.90 

.0287166 

1.07 

.1423097 

1.35 

.0885080 

1.63 

.0515507 

1.91 

.0280666 

1.08 

.1400711 

1.36 

.0869150 

1.64 

.0505026 

1.92 

.0274289 

1.09 

.1378566 

1.37 

.0853435 

1.65 

.0494715 

1.93 

.0268034 

1.10 

.1356661 

1.38 

.0837933 

1.66 

.0464572 

1.94 

.0261898 

1.11 

.1334995 

1.39 

.0822644 

1.67 

.0474597 

1.95 

.0255881 

1.12 

.1313569 

1.40 

.0807567 

1.68 

.0464787 

1.96 

.0249979 

1.13 

.1292381 

1.41 

.0792698 

1.69 

.0455140 

1.97 

.024a92 

X.14 

.1271432 

1.42 

.0778038 

1.70 

.0445655 

1.98 

.0238518 

1.15 

.1250719 

1.43 

.0763585 

1.71 

.0436329 

1.99 

.0232955 

m 

A 

_T 

APF35NDII  30  ^contlnued^ 

_ L _  T  A 

T 

A 

2.00 

.0227501 

2.26 

.0119106 

2.52 

.0056677 

2.78 

.0027179 

2.C-L 

.0222156 

2.27 

.0116038 

2.53 

.0057031 

2.79 

.0026354 

2.02 

.0216917 

2.28 

.0113038 

2.54 

.0055426 

2.80 

.0025551 

2.03 

.0211783 

2.29 

.0110107 

2.55 

.0053861 

2.81 

.0024771 

2.04 

.0206752 

2.30 

.0107241 

2.56 

.0052336 

2.82 

.0024012 

2.05 

.0201822 

2.31 

.0104441 

2.57 

.0050849 

2.83 

.0023274 

2.06 

.0196993 

2.32 

.0101704 

2.58 

.0049400 

2.84 

.0022557 

2.07 

.0192262 

2.33 

.0099031 

2.59 

.0047988 

2.85 

.0021860 

2.08 

.0167626 

2.34 

.0096419 

2.60 

.0046612 

2.86 

.0021182 

2.09 

.0183089 

2.35 

.0093867 

2.61 

.0045271 

2.87 

.0020524 

2.10 

.0178644 

2.36 

.0091375 

2.62 

.0043965 

2.88 

.0019884 

2.11 

.0174292 

2.37 

.0088940 

2.63 

.0042692 

2.89 

.0019262 

2.12 

.0170030 

2.38 

.0086563 

2.64 

.0041453 

2.90 

.0018658 

2.13 

.0165858 

2.39 

.0084242 

2.65 

.0040246 

2.91 

.0018071 

2.14 

.0161774 

2.40 

.0081975 

2.66 

.0039070 

2.92 

.0017502 

2.15 

.0157776 

2.41 

.0079763 

2.67 

.0037926 

2.93 

.0016948 

2.16 

.0153863 

2.42 

.0077603 

2.68 

.0036811 

2.94 

.ooioai 

2.17 

.0150034 

2.43 

.0075494 

2.69 

.0035726 

2.95 

.0015869 

2.18 

.0146287 

2.44 

.0073436 

2.70 

.0034670 

2.96 

.0015382 

2.19 

.0142621 

2.45 

.0071428 

2.71 

.0033642 

2.97 

.0014890 

2.20 

.0139034 

2.46 

.0069469 

2.72 

.00326a 

2.98 

.0014412 

2.21 

.0135526 

2.47 

.0067557 

2.73 

.0031667 

2.99 

.0013949 

2.22 

.0132094 

2.48 

.0065691 

2.74 

.0030720 

3.00 

.0013U9 

2.23 

.0128737 

2.49 

.0063872 

2.75 

.0029708 

3.01 

.0013062 

2.24 

.0125455 

2.5C 

.0062097 

2.76 

.0028901 

3.02 

.0012639 

2.25 

.0122245 

2.51 

.0060366 

2.77 

.0028028 

3.03 

.0012228 
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APFEMDIX  25  (continued) 


T 

A 

T 

A 

T 

A 

T 

A 

3.04 

.0011829 

3.28 

.0005190 

3.52 

.0002156 

3.76 

.0000850 

3.05 

.0011442 

3.29 

.0005009 

3.53 

.0002078 

3.77 

.0000816 

3.06 

.0011067 

3.30 

.0004834 

3.54 

.0002001 

3.78 

.0000784 

3.07 

.0C1O7C3 

3.31 

.0004665 

3.55 

.0001926 

3.79 

.0000753 

3.08 

.0010350 

3.32 

.0004501 

3.56 

.0001854 

3.80 

.0000723 

3.09 

.0010008 

3.33 

.0004342 

3.57 

.0001785 

3.81 

.0000695 

3.10 

.0009676 

3.34 

.0004189 

3.58 

.0001718 

3.82 

.0000667 

3.11 

.0009354 

3.35 

.0004041 

3.59 

.0001653 

3.83 

.000C6a 

3.12 

.0009043 

3.36 

.0003897 

3.60 

.0001591 

3.84 

.0000615 

3.13 

.0008740 

3.37 

.0003758 

3.61 

.OOCI53I 

3.85 

.0000591 

3.14 

.0008447 

3.38 

.00(3624 

3.62 

.0001473 

3.86 

.0000567 

3.15 

.0008164 

3.39 

.0003495 

3.63 

.occia? 

3.87 

.0000544 

3.16 

.0007888 

3.40 

.0003369 

3.64 

.•0001363 

3.68 

.0000522 

3.17 

.0007622 

3.41 

.0003248 

3.65 

.0001311 

3.89 

.0000501 

3.18 

.0007364 

3.42 

.0003131 

3.66 

.0001261 

3.90 

.C00C481 

3.19 

.0007114 

3.43 

.0003018 

3.67 

.0001213 

3.91 

.0000461 

3.20 

.0006871 

3.44 

.0002909 

3.68 

.aoii66 

3.92 

.0000443 

3.21 

.0006637 

3.45 

.0002803 

3.69 

.0001121 

3.  93 

.0000425 

3.22 

.OOC64IO 

3.46 

.0002701 

3.70 

.0001078 

3.94 

.0000407 

3.23 

.0006190 

3.47 

.0002602 

3.71 

.0001036 

3.95 

.0000391 

3.24 

.0005976 

3.48 

.0002507 

3.72 

.0000996 

3.96 

.0000375 

3.25 

.0005770 

3.49 

.0002415 

3.73 

.0000957 

3.97 

.0000359 

3.26 

.0005571 

3.50 

.0002326 

3.74 

.0000920 

3.98 

.0000345 

3.27 

.0005377 

3.51 

.00022a 

3.75 

.0000884 

3.99 

.0000330 

«78 


appendix  25  (continued) 


T 

A 

T 

A 

T 

A 

4.00 

,0000317 

4.27 

.0000098 

4.54 

.0000028 

4.01 

.0000304 

4.28 

.0000093 

4.55 

.0000027 

4.02 

.00)00291 

4.29 

.0000089 

4.56 

.0000026 

4.03 

.0000279 

4.30 

.0000085 

4.57 

.0000024 

4.04 

.0000267 

4.31 

.0000082 

4.58 

.0000023 

4.05 

.0000256 

4.32 

,0000078 

4.59 

.0000022 

4.06 

.0000245 

4.33 

.0000075 

4.60 

.0000021 

4.07 

.0000235 

4.34 

.0000071 

4.61 

.OOC'0020 

4.08 

.0000225 

4.35 

.0000068 

4.63 

.0000019 

4.09 

.0000216 

4.36 

.0000065 

4.63 

.0000018 

4.10 

.0000207 

4.37 

.0000062 

4.64 

.0000017 

4.11 

.0000198 

4.38 

.0000059 

4.65 

.0000017 

4.12 

.0000189 

4.39 

.0000057 

4.66 

.0000016 

4.13 

.0000181 

4.40 

.0000054 

4.67 

.0000015 

4.14 

.0000174 

4.41 

.0000052 

4.15 

.0000166 

4.42 

.0000049 

4.16 

.0000159 

4.43 

.0000047 

4.17 

.0000152 

4.U 

.0000045 

4.18 

.0000146 

4.45 

.0000043 

4.19 

.0000139 

4.46 

.OCOOC4I 

4.20 

.0000133 

4.47 

.0000039 

4.21 

.0000128 

4.48 

.0000037 

4.22 

.0000122 

4.49 

.0000036 

4.23 

.0000117 

4.50 

.0000034 

4.24 

.0000112 

4.51 

.0000032 

4.25 

.0000107 

4.52 

.0000031 

4.26 

.0000102 

4.53 

.0000030 
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Appendix  3H 
Table  I 

Upper  90-  and  95-Pcrcent  Confidence  Bounds  for  the  Number  cf  Defectives 
in  a  Finite  Population  of  ifi  Members. 


Number  of 

Observed 

Sample  Size 

2 

4 

8 

16 

32 

Defectives 

90 

95 

90 

95 

90 

95 

90 

95 

90 

95 

0 

26 

30 

16 

20 

9 

11 

4 

5 

1 

1 

1 

37 

38 

26 

29 

15 

17 

7 

8 

2 

3 

2 

40 

40 

33 

35 

20 

22 

10 

11 

4 

4 

3 

38 

39 

25 

27 

13 

14 

5 

6 

4 

40 

40 

29 

31 

16 

17 

7 

7 

5 

33 

34 

18 

20 

8 

9 

6 

36 

37 

21 

22 

9 

10 

7 

39 

39 

23 

24 

11 

11 

8 

40 

40 

25 

27 

12 

13 

9 

28 

29 

13 

14 

10 

30 

31 

15 

15 

11 

32 

33 

16 

16 

12 

34 

35 

17 

18 

13 

36 

37 

18 

19 

U 

38 

38 

20 

20 

15 

39 

39 

21 

21 

16 

40 

40 

22 

23 

17 

23 

24 

18 

25 

25 

19 

26 

26 

20 

27 

27 

21 

28 

29 

22 

29 

30 

23 

31 

31 

24 

32 

32 

25 

33 

33 

26 

34 

34 

27 

35 

35 

28 

36 

36 

29 

37 

37 

30 

38 

38 

31 

39 

39 

32 

40 

40 

281 


Appendix  3H 
Table  2 


Upper  90-  and  95-Percent  Confidence  Bounds  for  the  Nunber  of  Defectives 
in  a  Finite  Population  of  60  Members. 


282 


Appendix  3H 
Table  2  (Cootinued) 

Upper  90-  and  95-Percent  Confidence  Bounds  for  the  Nunber  of  Defectives 


in  A  Finite  Population  of  60  Members. 


Nunber  of 

Observed 

Defectives 

Senile  Size 

3  J 

6 

12 

24 

48 

90 

95 

9C 

95 

90 

95 

90 

95 

90 

95 

21 

56 

57 

29 

30 

22 

58 

58 

30 

31 

23 

59 

59 

31 

32 

24 

60 

60 

33 

33 

25 

34 

34 

26 

35 

36 

27 

36 

37 

28 

37 

38 

29 

39 

39 

30 

40 

40 

31 

41 

42 

32 

42 

43 

33 

44 

44 

34 

45 

45 

35 

46 

46 
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Appendix  3H 
Table  3 

Upper  90-  end  95-Percent  Confidence  Boiaids  for  the  Number  of  Defectives 
in  a  Finite  Population  of  100  Members. 


Number  of 

Observed 

Defectives 

Sample  Size 

5 

10 

20 

40 

80 

90 

95 

90 

95 

90 

95 

90 

95 

90 

95 

0 

36 

U 

19 

24 

9 

12 

4 

5 

1 

1 

1 

57 

64 

32 

38 

16 

19 

7 

9 

3 

3 

2 

74 

80 

43 

49 

23 

26 

11 

12 

4 

5 

3 

88 

91 

54 

59 

28 

32 

14 

15 

5 

6 

4 

97 

98 

63 

68 

34 

38 

17 

19 

7 

7 

5 

ICO 

ICO 

72 

76 

39 

43 

19 

21 

8 

9 

6 

80 

84 

45 

48 

22 

24 

10 

10 

7 

87 

90 

50 

53 

25 

27 

11 

12 

8 

94 

95 

55 

58 

28 

30 

12 

13 

9 

98 

99 

60 

63 

30 

33 

14 

14 

10 

100 

ICO 

64 

68 

33 

35 

15 

16 

11 

69 

72 

36 

38 

16 

17 

12 

73 

76 

38 

a 

18 

18 

13 

78 

80 

41 

43 

19 

20 

14 

82 

84 

44 

46 

20 

21 

15 

86 

88 

46 

48 

22 

22 

16 

90 

91 

49 

51 

23 

24 

17 

93 

95 

51 

53 

24 

25 

18 

97 

97 

54 

56 

25 

26 

19 

99 

99 

56 

58 

27 

28 

20 

100 

100 

58 

61 

28 

29 

21 

61 

63 

29 

30 

22 

63 

65 

31 

32 

23 

66 

68 

32 

33 

24 

68 

70 

33 

34 

25 

70 

72 

34 

35 

26 

73 

75 

36 

37 

27 

75 

77 

37 

38 

28 

77 

79 

38 

39 

29 

80 

81 

40 

40 

3C 

82 

83 

41 

42 

31 

84 

65 

42 

43 

32 

86 

87 

43 

44 

33 

88 

89 

45 

45 

34 

90 

91 

46 

47 

35 

92 

93 

47 

48 
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Ippecdix  3H 
Table  4 


Upper  90-  and  95-Percent  Confldoice  Bounds  for  the  Number  of  Defectives 
in  a  Finite  Population  of  200  Members* 


Number  of 

Observed 

Defectives 

Sample  Size 

10 

20 

40  1 

_ L 

80 

160 

90 

95 

90 

95 

90 

95 

90 

95 

90 

95 

0 

40 

50 

20 

26 

10 

12 

4 

5 

1 

1 

1 

66 

77 

34 

41 

3.7 

20 

8 

9 

3 

3 

2 

88 

ICO 

47 

54 

23 

27 

11 

13 

4 

5 

3 

109 

120 

59 

66 

30 

34 

14 

16 

5 

6 

4 

128 

138 

70 

78 

36 

40 

17 

19 

7 

8 

5 

U5 

154 

81 

89 

42 

46 

20 

22 

8 

9 

6 

161 

169 

91 

99 

47 

52 

23 

25 

10 

10 

7 

176 

181 

102 

109 

53 

58 

26 

28 

11 

12 

8 

188 

192 

112 

119 

58 

63 

29 

31 

12 

13 

9 

197 

198 

121 

128 

£4 

69 

31 

34 

14 

15 

10 

200 

200 

131 

137 

69 

74 

34 

37 

15 

16 

11 

140 

146 

74 

80 

37 

40 

16 

17 

12 

149 

155 

80 

85 

40 

42 

18 

19 

13 

157 

163 

85 

90 

42 

45 

19 

20 

14 

165 

170 

90 

95 

45 

48 

20 

21 

15 

173 

178 

95 

100 

48 

51 

22 

23 

16 

181 

184 

100 

105 

50 

53 

23 

24 

17 

188 

190 

105 

lie 

53 

56 

22 

23 

18 

194 

196 

110 

115 

56 

59 

26 

27 

19 

198 

199 

115 

120 

58 

61 

27 

28 

20 

2C0 

200 

120 

125 

61 

64 

28 

29 

21 

125 

129 

64 

67 

30 

31 

22 

129 

134 

66 

69 

31 

32 

23 

134 

139 

69 

72 

32 

33 

24 

139 

143 

71 

74 

34 

35 

25 

143 

148 

74 

77 

35 

36 

26 

148 

152 

77 

80 

36 

37 

27 

153 

157 

79 

82 

37 

39 

28 

157 

161 

82 

85 

39 

40 

29 

161 

165 

84 

87 

40 

a 

30 

166 

169 

87 

90 

41 

43 

31 

170 

173 

89 

92 

43 

U 

32 

174 

177 

92 

95 

44 

45 

33 

178 

181 

94 

97 

45 

46 

34 

182 

185 

97 

100 

47 

48 

35 

186 

188 

99 

102 

48 

49 
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Appendix  3H 
Table  5 


Upper  9C»  and  95-  Percent  Confidence  Bounds  for  the  Number  of  Defects 


in  a  Finite  Population  of  24C  Members. 


Number  of 

Observed 

Defectives 

Sample  Size 

12 

24 

48 

96 

192 

90 

95 

90 

95 

90 

95 

90 

95 

90 

95 

0 

40 

51 

20 

26 

10 

13 

4 

5 

1 

1 

1 

67 

79 

35 

42 

17 

21 

8 

9 

3 

3 

2 

91 

103 

48 

55 

24 

28 

11 

13 

4 

5 

3 

112 

125 

60 

68 

30 

34 

14 

16 

5 

6 

4 

133 

144 

71 

80 

36 

41 

17 

19 

7 

8 

5 

152 

163 

83 

91 

42 

47 

20 

22 

8 

9 

6 

169 

179 

93 

102 

48 

53 

23 

25 

10 

10 

7 

186 

195 

104 

112 

53 

58 

26 

28 

11 

12 

8 

202 

209 

lU 

123 

59 

64 

29 

31 

12 

13 

9 

216 

222 

124 

133 

64 

70 

31 

34 

14 

15 

1C 

228 

232 

134 

142 

70 

75 

34 

37 

15 

16 

11 

237 

239 

144 

152 

75 

81 

37 

‘  40 

16 

17 

12 

240 

240 

153 

161 

81 

86 

40 

43 

18 

19 

13 

163 

170 

86 

92 

43 

45 

19 

20 

U 

172 

179 

91 

97 

45 

48 

20 

21 

15 

180 

137 

96 

102 

48 

51 

22 

23 

16 

189 

195 

1C2 

107 

51 

54 

23 

23 

17 

198 

203 

107 

112 

53 

56 

24 

25 

18 

206 

211 

112 

117 

56 

59 

26 

27 

19 

213 

218 

117 

122 

59 

62 

27 

28 

20 

221 

224 

122 

127 

61 

65 

28 

29 

21 

228 

230 

127 

132 

64 

67 

30 

31 

22 

234 

236 

132 

137 

67 

70 

31 

32 

23 

239 

239 

137 

U2 

69 

73 

32 

33 

24 

240 

240 

142 

U7 

72 

75 

34 

35 

25 

146 

152 

74 

78 

35 

36 

26 

151 

156 

77 

30 

36 

37 

27 

156 

I6l 

80 

83 

38 

39 

28 

161 

166 

82 

86 

39 

40 

29 

165 

170 

85 

38 

40 

41 

30 

170 

175 

87 

91 

41 

43 

31 

175 

179 

90 

93 

43 

U 

32 

179 

184 

93 

96 

44 

45 

33 

184 

188 

95 

99 

45 

47 

34 

188 

193 

98 

101 

47 

48 

35 

193 

197 

100 

104 

48 

49 
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Appendix  3H 
Table  6 


Upper  90-  and  95-  Percent  Confidence  Bounds  for  the  Nijmbrr  of  Defectives 


in  a  Finite  Population  of  300  Members. 


Nmber  of 

Observed 

Defectives 

Sample  Size 

» _ i 

30 

60 

120 

240 

90 

95 

90 

95 

90 

95 

90 

95 

90 

95 

0 

41 

53 

21 

27 

10 

13 

4 

5 

1 

1 

1 

69 

82 

35 

42 

17 

21 

8 

9 

3 

3 

2 

93 

107 

48 

56 

24 

28 

11 

13 

4 

5 

3 

116 

130 

61 

69 

30 

34 

14 

16 

5 

6 

4 

137 

151 

73 

81 

36 

41 

17 

19 

7 

8 

K 

158 

171 

84 

93 

42 

47 

20 

22 

8 

9 

6 

177 

190 

95 

104 

48 

53 

23 

25 

10 

10 

7 

196 

208 

106 

115 

54 

59 

26 

28 

11 

12 

8 

2U 

225 

117 

126 

60 

65 

29 

31 

12 

13 

9 

231 

241 

127 

137 

65 

71 

32 

34 

U 

15 

10 

247 

256 

138 

U7 

71 

76 

34 

37 

15 

16 

11 

262 

273 

U8 

157 

76 

82 

37 

40 

16 

17 

12 

276 

282 

158 

167 

82 

88 

40 

43 

18 

19 

13 

288 

292 

168 

177 

87 

93 

43 

46 

19 

2C 

U 

297 

299 

177 

186 

92 

98 

45 

49 

21 

21 

15 

300 

300 

187 

196 

98 

104 

48 

51 

22 

23 

16 

196 

205 

103 

1C9 

51 

54 

23 

24 

17 

206 

2U 

108 

lU 

54 

57 

24 

26 

18 

215 

223 

113 

120 

56 

60 

26 

27 

19 

224 

231 

119 

125 

59 

62 

27 

28 

20 

233 

240 

124 

130 

62 

65 

28 

30 

21 

241 

248 

129 

135 

64 

68 

30 

31 

22 

250 

256 

134 

uo 

67 

70 

31 

32 

23 

285 

264 

139 

U5 

70 

73 

32 

34 

24 

i66 

271 

144 

150 

72 

76 

34 

35 

25 

274 

278 

U9 

155 

75 

79 

35 

36 

26 

281 

285 

154 

160 

78 

81 

36 

37 

Z1 

288 

291 

159 

165 

80 

84 

38 

39 

28 

294 

296 

164 

170 

83 

87 

39 

40 

29 

298 

299 

169 

175 

86 

89 

40 

41 

30 

300 

300 

174 

180 

88 

92 

42 

;3 

31 

179 

185 

91 

94 

43 

44 

32 

184 

190 

93 

97 

44 

45 

33 

189 

194 

96 

ICO 

45 

47 

34 

193 

199 

99 

102 

47 

48 

35 

198 

204 

101 

105 

48 

49 
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Appendix  3H 
Table  7 


Upper  90-  and  95-  Percent  Confidence  Bounds  for  the  Number  of  Defectives 


in  a  Finite  Popxilation  of  360  Members. 


Number  of 

Observed 

Defectives 

Sample  Size 

18 

36 

72 

144 

288 

90 

— 

95 

90 

95 

90 

95 

90 

95 

90 

95 

0 

42 

53 

21 

27 

10 

13 

4 

5 

1 

1 

1 

70 

84 

36 

43 

17 

21 

8 

9 

3 

3 

2 

95 

110 

49 

57 

24 

28 

11 

13 

4 

5 

3 

119 

133 

61 

70 

30 

35 

14 

16 

5 

6 

4 

141 

156 

73 

82 

36 

41 

17 

19 

7 

8 

5 

162 

177 

85 

94 

42 

47 

20 

22 

8 

9 

6 

182 

197 

96 

106 

48 

54 

23 

25 

10 

10 

7 

202 

217 

108 

117 

54 

60 

26 

28 

11 

12 

8 

221 

235 

118 

129 

60 

66 

29 

31 

12 

13 

9 

240 

253 

129 

139 

66 

71 

32 

34 

14 

15 

10 

258 

270 

140 

150 

71 

77 

35 

37 

15 

16 

11 

275 

287 

150 

161 

77 

83 

37 

40 

17 

17 

12 

292 

302 

161 

171 

82 

88 

40 

43 

18 

19 

13 

308 

317 

171 

181 

88 

94 

43 

46 

19 

20 

14 

323 

330 

181 

191 

93 

100 

46 

49 

21 

22 

15 

336 

342 

191 

201 

99 

105 

48 

52 

22 

23 

16 

348 

352 

201 

211 

104 

no 

51 

54 

23 

24 

17 

357 

359 

211 

220 

109 

116 

54 

57 

25 

26 

18 

360 

360 

220 

230 

115 

la 

57 

60 

26 

27 

19 

230 

239 

120 

127 

59 

63 

27 

28 

20 

239 

248 

125 

132 

62 

65 

28 

30 

21 

248 

257 

130 

137 

65 

68 

30 

31 

22 

258 

266 

135 

342 

67 

71 

31 

32 

23 

267 

275 

141 

148 

70 

74 

32 

34 

24 

276 

284 

146 

153 

73 

76 

34 

35 

25 

285 

292 

151 

158 

75 

79 

35 

36 

26 

293 

300 

156 

163 

78 

82 

36 

38 

27 

302 

308 

161 

168 

81 

84 

38 

39 

28 

310 

316 

166 

173 

83 

87 

39 

40 

29 

318 

324 

171 

178 

86 

90 

40 

42 

30 

326 

331 

176 

183 

89 

92 

42 

43 

31 

334 

338 

181 

188 

91 

95 

43 

U 

32 

341 

345 

186 

193 

94 

98 

44 

45 

33 

348 

351 

191 

198 

96 

100 

45 

47 

34 

354 

356 

196 

203 

99 

103 

47 

48 

35 

359 

359 

201 

208 

102 

106 

48 

49 

266 


Appendix  3H 
Table  8 


Upper  90-  and  95-Percent  Confidence  Bounds  for  the  Humber  of 
Defectives  in  a  Finite  Population  of  400  Members. 


Number  of 

Observed 

Defectives 

Sample  Size 

20 

_ . _  J 

40 

80 

160 

320 

90 

95 

90 

95 

90 

95 

90, 

95 

90 

95 

0 

42 

54 

21 

27 

10 

13 

4 

5 

1 

1 

1 

71 

84 

36 

43 

17 

21 

8 

9 

3 

3 

2 

96 

111 

49 

57 

24 

28 

11 

13 

4 

5 

3 

120 

135 

62 

70 

30 

35 

14 

16 

5 

6 

4 

142 

158 

74 

83 

37 

a 

17 

19 

7 

8 

5 

164 

180 

86 

95 

43 

48 

20 

22 

8 

9 

6 

185 

201 

97 

107 

49 

54 

23 

26 

10 

10 

7 

205 

221 

108 

]19 

54 

60 

26 

29 

11 

12 

8 

225 

240 

119 

130 

60 

66 

29 

32 

12 

13 

9 

244 

259 

130 

141 

66 

72 

32 

34 

14 

15 

10 

263 

277 

141 

152 

71 

77 

35 

37 

15 

16 

11 

281 

294 

152 

162 

77 

83 

37 

40 

17 

17 

12 

299 

311 

162 

173 

83 

89 

40 

43 

18 

19 

13 

316 

327 

172 

183 

88 

94 

43 

46 

19 

20 

14 

332 

342 

183 

194 

94 

100 

46 

49 

21 

22 

15 

348 

357 

193 

204 

99 

106 

48 

52 

22 

23 

16 

363 

370 

203 

214 

104 

111 

51 

54 

23 

24 

17 

376 

382 

215 

224 

110 

117 

54 

57 

25 

26 

18 

388 

392 

223 

233 

115 

122 

57 

60 

26 

27 

19 

397 

399 

233 

243 

120 

127 

59 

63 

27 

28 

20 

400 

400 

242 

253 

126 

133 

62 

66 

29 

30 

21 

252 

262 

131 

138 

65 

68 

30 

31 

22 

261 

271 

136 

143 

68 

71 

31 

32 

23 

271 

280 

141 

149 

70 

74 

32 

34 

24 

280 

289 

147 

154 

73 

77 

34 

35 

25 

289 

298 

152 

159 

76 

79 

35 

36 

26 

298 

307 

157 

164 

78 

82 

36 

38 

27 

307 

316 

162 

169 

81 

85 

38 

39 

28 

316 

324 

167 

174 

84 

87 

39 

40 

29 

325 

333 

172 

180 

86 

90 

40 

42 

30 

333 

341 

177 

185 

89 

93 

42 

43 

31 

342 

349 

183 

190 

91 

95 

43 

44 

32 

350 

357 

188 

195 

94 

98 

44 

46 

33 

358 

364 

193 

200 

97 

101 

46 

47 

34 

366 

371 

198 

205 

99 

103 

47 

48 

35 

I  374 

378 

203 

210 

102 

106 

48 

49 

289 


Appendix  3H 
Table  9 

Upper  90-  and  95-Percent  Confidence  Bounds  for  the  Number  of 
Defectives  in  a  Finite  Population  of  5CC  Members. 


Number  of 

Observed 

Defectives 

Sample  Size 

25 

50 

100 

200 

400 

90 

95 

90 

95 

90 

95 

90 

95 

90 

95 

0 

42 

55 

21 

27 

10 

13 

4 

5 

1 

1 

1 

72 

86 

36 

43 

17 

21 

8 

9 

3 

3 

2 

98 

113 

49 

58 

24 

28 

11 

13 

4 

5 

3 

122 

138 

62 

71 

30 

35 

14 

16 

5 

6 

4 

145 

162 

74 

84 

37 

42 

17 

19 

7 

8 

5 

168 

185 

86 

96 

43 

48 

20 

22 

8 

9 

6 

190 

207 

98 

109 

49 

54 

23 

26 

10 

10 

7 

211 

229 

110 

120 

55 

60 

26 

29 

11 

12 

8 

232 

249 

la 

132 

60 

66 

29 

32 

12 

13 

9 

252 

269 

132 

143 

66 

72 

32 

35 

14 

15 

10 

272 

289 

U3 

155 

72 

78 

35 

38 

15 

16 

11 

291 

308 

154 

166 

78 

84 

37 

40 

17 

17 

12 

310 

327 

165 

176 

83 

90 

40 

43 

18 

19 

13 

329 

345 

175 

187 

89 

95 

43 

46 

19 

20 

U 

348 

363 

186 

198 

94 

101 

46 

49 

21 

22 

15 

366 

380 

196 

208 

100 

107 

49 

52 

22 

23 

16 

383 

397 

207 

a9 

105 

112 

51 

55 

23 

24 

17 

400 

413 

a7 

229 

111 

118 

54 

58 

25 

26 

18 

ai 

428 

227 

239 

116 

123 

57 

60 

26 

27 

19 

433 

443 

237 

250 

la 

129 

60 

63 

27 

28 

20 

448 

457 

2U1 

260 

127 

134 

62 

66 

29 

30 

a 

463 

470 

257 

270 

132 

140 

65 

69 

30 

31 

22 

477 

482 

267 

279 

137 

145 

68 

71 

31 

32 

23 

489 

492 

277 

289 

143 

150 

70 

74 

32 

34 

24 

497 

499 

287 

299 

148 

156 

73 

77 

34 

35 

25 

500 

500 

297 

309 

153 

161 

76 

80 

35 

36 

26 

307 

318 

159 

166 

79 

82 

36 

38 

27 

316 

327 

164 

172 

81 

85 

38 

39 

28 

326 

337 

169 

177 

84 

88 

39 

40 

29 

335 

346 

174 

182 

87 

91 

40 

42 

30 

345 

355 

179 

187 

89 

93 

42 

43 

31 

354 

364 

185 

193 

92 

96 

43 

44 

32 

363 

373 

190 

198 

94 

99 

44 

46 

33 

372 

382 

195 

203 

97 

101 

46 

47 

34 

381 

391 

200 

208 

100 

104 

47 

48 

35 

390 

400 

205 

a3 

102 

107 

48 

50 

2>0 


Appendix  4 

FACTORIAL  TREATMENT  PR^XCTaRE  WORKSHEETS 
Tftble  1 

4  TRSAl^EUTS  AND  8  ITOiS 
Design:  1/2  X  2^  (Ref.  15,  page  484) 


Treatments 

Item  numbers 

1 

2 

3 

4 

5 

— 

6  1 

7 

el 

1 

B 

B 

B 

■ 

■ 

B 

B 

■ 

H 

■ 

B 

g 

^^B 

B 

C 

o 

szs 

B 

B 

B 

B 

B 

D 

B 

B 

B 

B 

■ 

Result  s 

Remarks: 


1.  All  main  effects  are  clear  of  two-factor  interactions. 

2.  Two-factor  interactions  are  confused  with  one  another 
and  are  not  measurable. 

3.  Three-factor  and  higher  order  interactions  are  assumed 
negligible . 


Appendix  4 
Table  2 

5  TREATMEOTS  AND  8  iriHS 
Design!  1/4  X  2^  (Rof.  15,  page  484) 


Treatment  a 

A 
B 
C 
0 
E 

Results 
Remarks! 

1,  All  main  effects  are  confused  with  two-factor  inter¬ 
actions. 

2.  All  interactions  are  ass’jmed  negligible. 


1  Item  nunbers 

1 

2 

3 

4 

_ 

6 

7 

B 

B 

B 

■ 

■1 

g 

B 

Wm 

B 

B 

■: 

§ 

B 

B 

B 

fl: 

+ 

+ 

+ 

+ 

292 


Appendix  4 
Table  3 


6  TREATMENTS  IMP  8 


Design  1/8  X  2®  (Ref.  15,  page  485) 


Treatments 

A 

B 
C 
D 
E 
F 

Results 
Remarks  t 

1.  All  main  effects  are  confused  with  two-factor  Inter¬ 
actions. 

2.  All  Interactions  are  assumed  negligible. 


Item  nuabers 


1 

2 

4 

5 

6 

7 

8 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

s 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

_ 

Apperxllx  4 
Table  4 

7  TREAmEKTS  AND  8  HaS 
Design:  l/l6  X  (Ref.  15,  page  485) 


im 

Item  nunbers 

m 

2 

3 

■■ 

5 

6 

m 

8 

A 

+ 

+ 

+ 

+ 

6 

+ 

+ 

+ 

+ 

C 

+ 

+ 

+ 

+ 

D 

+ 

+ 

+ 

+ 

a 

E 

+ 

+ 

+ 

+ 

F 

+ 

+ 

+ 

+ 

G 

+ 

+ 

+ 

+ 

Result  s 

Remarks: 

1.  All  main  effects  are  confused  with  two-factor  inter¬ 
actions. 

2.  All  interactions  are  assumed  negligible. 


294 


Appendix  4 
Table  5 

7  TREATMEKTS  AtP  8  ITEMS 


Remarkai 

1.  All  main  effects  are  confused  with  interactions. 

2.  All  interactions  are  assuned  negligible. 


Appendix  4 
Table  6 


8  TREATIffiOTS  AND  12  ITHMS 
Design:  Multifactorial  (Ref.  5,  page  323) 


Treatments 

A 

B 
C 
D 
E 
F 
G 
H 

Result  s 
Remarks : 

1.  All  main  effects  are  confused  with  interactions. 

2.  All  interactions  are  assumed  negigible. 


Item  ntmbers 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-r 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

¥ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

296 


Appendix  4 
Table  ^ 


9  TREAT^!EMTS  AND  12  ITEMS 
Designi  Multifactorial  (Ref.  5>  page  323) 


2.  All  Interactions  are  assumed  negligible. 


Appendix  4 
Table  8 


10  TRKVTMEWrS  AtP  12  ITEMS 
Design  I  Multifactorial  (Ref.  5,  page  323) 


It  em  numbers . 


TreWtments 

fi 

4 

5 

6 

7 

8 

9 

10 

ni 

A 

+ 

+ 

+ 

+ 

+ 

B 

+ 

+ 

+ 

+ 

+ 

+ 

C 

+ 

+ 

+ 

+ 

+ 

D 

+ 

+ 

+ 

+ 

-1- 

+ 

E 

+ 

+ 

+ 

+ 

+ 

+ 

F 

s 

+ 

+ 

+ 

+ 

+ 

+ 

G 

+ 

+ 

+ 

+ 

+ 

H 

+ 

+ 

+ 

+ 

+ 

I 

+ 

+ 

+ 

+ 

+ 

J 

+ 

+ 

+ 

+ 

+ 

+ 

Results 

■ 

■ 

Renarka: 


1.  All  main  effects  are  confused  with  interactions 

2.  All  Interactlona  are  assumed  negligible. 


Appendix  4 
Table  9 


11  TREATKEWTS  AND  12  ITEMS 
Design!  Multifactorial  (Ref.  5,  page  323) 


Treatment  a 

A 

E 
C 
D 
E 
F 
G 
H 
I 
J 
K 

Results 
Remarks ! 

1.  All  main  effects  are  confused  with  Interactions. 

2.  All  interactions  are  assumed  negligible. 


Item  nunbers 


1 

2 

3 

4 

6 

7 

8 

9 

10 

n 

12 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

g 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Appendix  4 
Table  10 

^  trfatments  and  16  irais 


Design:  l/2  X  2®  (Ref.  6,  page  5) 


Treatment  s 

Item  numbers 

.2. 

3 

4 

JL 

6 

7 

8 

10 

11 

12 

1? 

16 

A 

+ 

+ 

+ 

+ 

4 

4 

4 

4 

B 

+ 

+ 

+ 

+ 

4 

4 

+ 

4 

C 

NONE 

+ 

+ 

+ 

4 

4 

4 

4 

4 

D 

+ 

+ 

+ 

4 

4 

4 

4 

4 

E 

+ 

+ 

4 

4 

4 

4 

4 

4 

Blocks 

I 

I 

I 

_ 1 _ _ _ _ _ 

Results 

_ 

_ 

L 

_ 

_ 

□ 

L 

_ 

_ 

□ 

Z] 

_ 

□ 

Remarks : 

1.  All  main  effects  are  clear  of  two-factor  interactions. 

2.  When  blocks  are  not  used  all  two-factor  interactions 
are  measurable.  When  blocks  are  used  the  AB  inter¬ 
action  is  not  measurable. 

3.  All  three-factor  and  higher  order  interactions  are  as¬ 
sumed  negligible. 
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Appendix  4 
Table  11 


5  TREATMENTS  AND  16  ITEMS 
Design!  1/2  12®  (Ref.  6,  peige  5) 


Item 

numbers 

Treatments 

1 

2 

3 

6 

7 

bJ 

[9 

10 

11 

12 1 

Li3_ 

14 

— 

16 

A 

B 

B 

1 

■ 

B 

1 

B 

■ 

■ 

■ 

B 

B 

B 

B 

B 

6 

B 

■ 

H 

1 

C 

g 

B 

B 

■ 

■ 

D 

B 

B 

B 

B 

B 

B 

■ 

B 

B 

E 

+ 

I 

+ 

B 

■ 

fl 

H 

B 

Bl 

B 

B 

B 

B 

Blocks 

1 

II 

III 

IV 

Results 

□ 

B 

■ 

■ 

■ 

■ 

in 

B 

B 

B 

1 

Remarks i 

1.  All  main  effects  are  cleeur  of  two>factor  interactions. 

2.  When  blocks  are  not  used,  all  two-factor  interactions 
are  measurable. 

When  blocks  are  used,  interactions  AB,  AC,  and  BC  are 
not  measurable. 

3.  All  three-factor  emd  higher  order  interactions  are  con¬ 
sidered  negligible. 
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Appendix  4 
Table  12 


6  TREATKSMTS  AKD  l6  ITEMS 
Design:  1/4  X  2®  (Factorial  (Ref.  6,  page  18) 


Item  numbers 

Treatments 

1 

2 

5 

6 

7 

3 

9 

1C 

11 

12 

13 

U 

15 

16 

A 

B 

B 

1 

B 

1 

1 

1 

■ 

1 

1 

B 

1 

fl 

fl 

1 

P 

1 

B 

1 

■ 

1 

H 

1 

1 

■ 

C 

s 

H 

1 

D 

1 

1 

1 

1 

1 

1 

1 

1 

1 

B 

1 

1 

D 

s 

B 

B 

B 

1 

B 

B 

fl 

B 

■ 

B 

B 

fl 

fl 

fl 

Bl 

E 

+ 

+ 

+• 

+ 

+ 

+ 

+ 

+ 

F 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Blocks 

I 

II 

Results 

L 

□ 

Remarks : 

1.  All  main  effects  are  clear  of  two-factor  interactions. 

2.  All  two-factor  interactions  are  confused  with  one  another 
and  are  not  measurable. 

3.  All  three-factor  and  higher  order  interact  ions 
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I 
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Appendix  4 
Table  13 


6  TREATMENTS  AND  l6  HFMS 
Design;  1/4  X  2®  Factorial  (Ref.  6,  page  18) 


Item 

numbers 

Treatments 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

U 

15 

A 

+ 

+ 

+ 

+ 

+ 

■ 

B 

B 

B 

B 

B 

B 

+ 

+ 

+ 

+ 

+ 

1 

C 

g 

+ 

+ 

+ 

+ 

+ 

■ 

1 

1 

■ 

1 

1 

D 

0 

s: 

+ 

+ 

+ 

+ 

+ 

■ 

B 

B 

E 

+ 

+ 

+ 

+ 

B 

B 

B 

■ 

F 

+ 

+ 

+ 

+ 

+ 

+ 

■ 

B 

B 

■ 

B 

B 

Blocks 

I 

i 

II 

III 

IV 

Result  s 

1 

1 

■ 

□ 

B 

Remeurks : 

1.  All  main  effects  are  clear  of  two-factor  interactions. 

2.  All  two-factor  interactions  are  confused  with  one  another  and 
are  not  measurable. 

3.  All  three- factor  and  higher  order  interactions  are  ass'jmed 
negligible . 
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Appendix  4 
Table  14 


6  TRyjlTKEHTS  AND  16  ITEMS 
Design:  l/4  X  2®  Factorial  (Ref.  6,  page  18) 


Item  numbers 

Treatments 

1 

2 

L 

4 

5 

6 

7 

8 

9 

10 

11 

12] 

11 

ij 

Lii_ 

16 

A 

+ 

+ 

+ 

1 

+ 

+ 

i 

B 

■ 

B 

B 

+ 

+ 

+ 

1 

+ 

+ 

+ 

1 

■ 

■ 

+ 

C 

+ 

+ 

+ 

+ 

+ 

1 

H 

B 

D 

§ 

+ 

+ 

+ 

1 

+ 

+ 

+ 

1 

1 

1 

+ 

E 

+ 

+ 

+ 

+ 

+ 

1 

1 

+ 

F 

+ 

+ 

+ 

+ 

+ 

■ 

1 

B 

B 

Blocks 

I 

II 

III 

IV 
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Remarks : 

1.  All  main  effects  are  clear  of  two-factor  interactions. 

2.  All  two-factor  interactions  are  confused  with  one  another 
and  are  not  measurable. 

3.  All  three-factor  and  higher  order  interactions  are  as¬ 
sumed  negligible. 
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Appendix  4 
Table  15 


7  TREATKEtn’S  AND  16  ITEMS 
Design:  1/8  X  2'  Factorial  (Ref.  6,  page 


Item  numbers 

Treatments 
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+ 
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Blocks 

I 

II 

Results 

_j 

□ 

_ 

□ 

Remarks ; 

1.  All  main  effects  are  clear  of  two-factor  interactions. 

2.  All  two-factor  interactions  are  confused  with  one 
another  and  au'e  not  measurable. 

3.  All  three-factor  and  higher  order  interactions  are 
assumed  negligible. 
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Appendix  4 
Table  16 


7  TRFAT^!1CTS  AND  l6  Tm’!S 
Design:  1/8  X  2^  Factorial  (Ref.  6,  page  30) 


Treatments 

Item  numbers 
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4 

5 

6 
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IV 

Results 

L 

□ 

BeTnarJs,gt 

1.  All  main  effects  are  clear  of  two-factor  interactions. 

2.  All  two-factor  interactions  jure  confused  with  one  another 
and  are  rot  measurable. 

3.  All  three-factor  and  higher  order  Interactions  are  as¬ 
sumed  negligible. 
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Appendix  4 
Table  17 


8  TREATMENTS  AMD  I6  ITBC 
Design:  l/lt  X  2^  Factorial  (Ref.  6,  page  42) 


Item  ni 

limbers  | 
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4 
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Blocks 

I 

11 

□ 

Results 

□ 

Remarlce: 

1.  All  main  effects  are  clear  of  two-factor  interactions. 

2.  All  two-factor  interactions  are  confused  with  one  another  and 
are  not  measurable. 

3.  All  three-factor  and  higher  order  interactions  are  assumed 
negligible. 


Appendix  4 
Table  18 


8  TREATMENTS  AND  16  ITBC 
Deslgni  l/l6  X  2®Factorial  (P.sf.  6,  page  41) 


Treatments 

Item  numbers 

H 

■ 

H 
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Blocks 

1 

II 

III 

IV 

Results 

L 

L 

□ 

□ 

L 

L 

L 

L 

□ 

□ 

L 

□ 

Remarks i 

1.  All  main  effects  are  clear  of  two-factor  interactions. 

2.  All  two-factor  interactions  are  confused  with  one  another  and 
are  not  measurable. 

3.  All  three-factor  and  hi^er  order  interactions  are  assumed 
negligible. 
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Ippendix  4 
Table  19 


9  TREATMENTS  AND  16  ITB<S 
Design:  Multifactorial  (Ref.  5,  page  323) 


Item  numbers 
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+ 

+ 

+ 

+ 

+ 

+ 

4 

4 

Results 

Remarks  t 

1,  All  main  effects  are  confused  vith  Interactions. 

2.  All  interactions  are  as;>umed  negligible. 
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Appendix  4 
Table  20 


10  TREATMENTS  AMD  16  ITHC 
Design:  Multifactorial  (Ref.  5f  page  323) 


Hreatments 

Item  numbers 
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4 

4 

4 

E 
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4 

4 

4 

4 

4 

4 

Results 

_ 

ReBarksi 

1.  All  main  effects  are  confused  with  interactions. 

2.  All  Interactions  are  assuned  negligible. 


Appendix  4 
Table  21 


11  TREATMENTS  AND  16  ITMS 
Designs  Multifactorial  (Ref.  5,  page  323) 


Treatments 

I 

tem  numbers 

1 

2 

3 

4 
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0 

7 

8 

9 

10 

11 

12 

1? 

14 

15 

16 
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4 
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4 
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4 

4 

4 

4 

4 
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4 

4 

4 

4 

4 

D 
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4 

4 

4 

4 

4 

4 

4  . 

£ 

4 

4 

4 

4 

4 

4 

4 

4 

F 
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4 

4 

4 
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4 
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G 

+ 
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4 
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4 

4 

4 
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4 
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4 

4 

4 

4 

4 

4 

4 

4 

J 

+ 

4 

4 

4 

4 

4 

4 

4 

K 

4 

4 

4 

4 

4 

4 

4 

4 

Itosults 

Remarks s 

1.  All  main  effects  are  confused  with  interactions. 

2.  All  interactions  are  assumed  negligible. 
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Appendix  4 
Table  22 


12  TREATMECTS  AND  16  ITB'IS 
Design*  Multifactorial  (Ref.  5,  page  323) 


Treatments 

J 

item  numbers 

1 

2 

4 

p 

6 

7 

8 

9 

10 

11 

12 

1? 

1? 

16 
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+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

B 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

C 

■  + 

+ 
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+ 

+ 

+ 

+ 

+ 
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+ 
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+ 

+ 

+ 

+ 
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+ 
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+ 
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+ 
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+ 
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+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

K 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

L 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Results 

Remarks  I 

1.  All  main  effects  are  confused  with  interactions. 

2.  All  Interactions  are  aesipied  negligible. 
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Appendix  4 
Table  23 


13  TREATMENTS  AND  l6  irraS 
Design:  Multifactorial  (Refc  5,  page  323) 


Treatments 

Item  numbers 

1 

2 

3 

4 

5 

6 

7 

8 

9 
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11 
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1? 

16 

A 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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B 

+ 

+ 
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+ 
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K 

+ 

+ 
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+ 

+ 

+ 

+ 
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L 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

t 

M 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Results 

Remarks i 

1.  All  main  effects  are  confused  with  interactions. 

2.  All  Interactions  are  assumed  negligible. 
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Appendix  4 
Table  24 

U.  TREATKECTS  AND  16  ITiyS 


Remarkei 

1.  All  main  effects  are  confused  with  Interactions. 

2.  All  interactions  are  assumed  negligible. 


Appendix  4 
Table  25 

15  TREATKEKTS  AND  16  ITEMS 


Remarks ; 

1.  All  main  effects  are  confused  with  interactions. 

2.  All  interactions  are  assumed  negligible. 

3.  The  treatment  combinations  in  the  individual  rows  of  this 
design  can  be  used  in  any  combination  of  two  or  more,  up 
to  and  including  15  treatments. 
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API  ENDIX  4 
Table  26 


19  Treatments  and  20  Items 
Design:  Multifactorial  (Hef.  5,  page  323) 


Item  numbers 


5  6  7  E  9  10  11  12  13  U  15  16  17 1  18  19 


Remarks : 


1.  All  main  effects  are  confused  with  interactions. 


2.  All  interactions  are  assumed  negligible. 


3.  The  treatment  combinations  in  the  individxial  rows  of  this  design 
can  be  used  in  any  combination  of  two  or  moro,  up  to  and  in¬ 
cluding  19  treatments. 
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Table  27 

23  Treatment  and  2k  Itenus 

Design:  Multifactorial  (Ref.  pa6®  323) 


Remarks:  1.  All  main  effects  are  confused  with  interactions. 

2.  All  interactions  are  assumed  negligible. 

3.  The  treatment  combinations  in  the  Individual  xovs  of  this  design  csn  be  used  in  any 
combination  of  two  or  more  up  to  and  including  23  treatments. 


6  Treatiaents  and  32  Items 

Design:  l/2  X  £6  Factorial  (Bef .  6,  page  6) 
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Bemarks:  1.  All  effects  eu:«  clear  of  tvo-factor  Interactions. 

2.  When  blocks  are  not  used^  all  tvo-factor  Interactions  are  measurable. 
When  blocks  are  iised^  Interaction  BC  Is  not  measvraible. 

3.  AH  three-fcu:tor  and  higher  order  Interactions  are  assumed  negligible 


Table  37 

8  Treatments  and  32  Items 

Design:  l/d  X  2^  Factorial  (Bef .  6,  page  30) 
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Table  39 

9  Treatments  and  32  Items 

Design:  l/l6  X  2®  Factorial  (Ref.  6,  Page  42) 
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Remarks:  1.  All  main  effects  are  clear  of  tvo-factor  Interactions. 

2.  None  of  the  tvo-factor  interactions  are  measurable. 

3.  All  three-factor  and  higher  order  interactions  are  assumed  negligible 


Table  43 

10  Treatments  and  32  Items 

Design:  l/32  X  2*°  Factorial  (Ref.  6,  page  52) 


at- 


333 


All  THR-tn  effects  are  clear  of  tvo -factor  interactions. 

None  of  the  two -factor  interactions  are  measurable.. 

All  three -factor  and  hj.gher  order  interactions  are  assuzsed  negligible 


Treatments  and  32  Items 

sign:  X  2ll  Factorial  (Ref.  6,  page  58) 
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All  main  effects  are  clear  of  tvo-factor  interact i(»is. 

Rone  of  the  tvo-factor  interactionr  are  measurable. 

All  three -factor  and  higher  order  interactions  are  assvaned  negligible 


latments  and  32  Itens 

i:  1/128  X  2*2  Factorial  (Ref.  6,  page  65) 
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Remarks:  1.  All  wutin  effects  are  clear  of  tvo-feurtor  Interactions. 

2.  None  ot  the  tvo-factor  Interactlcms  are  measurable. 

3.  All  three-factor  and  higher  order  Interactions  are  assumed  negligible 
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